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INTRODUCTION 
The economic necessity for high yields and favorable 
fertilizer prices have resulted in a rapid increase in the rate 
of fertilizer being used for the corn crop in recent years. 
Some farmers are using in excess of 200 pounds of N, 50 pounds 
of P, and 100 pounds of K per acre as insurance against fer­
tility being a limiting production factor. While these rates 
would appear to be in excess of those required for maximum 
yields in many cases, it seems to be the feeling that the 
excess is an investment toward the needs of future crops. In 
addition to the effect on yields, it has been suggested that 
high levels of nutrients in the soil may be beneficial under 
adverse weather conditions, may increase disease and insect 
resistance, may improve standability and reduce harvesting 
problems, and possibly influence other plant characteristics. 
On the negative side, apart from economic considerations, 
there is little evidence of serious harmful effects from the 
fertilizer rates being used. High rates of P have been observed 
to accentuate certain micronutrient problems. High rates of N 
will reduce soil pH and may contribute to the nitrate levels of 
drainage water. With the exception of the latter, these 
problems can be corrected with little difficulty. 
It is believed that a need exists for the investigation of 
both the beneficial and adverse effects of fertilizer rates in 
excess of these required for production of maximum yields. 
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Information is also needed regarding the relative reactions of 
different hybrids to such practices. These thoughts gave rise 
to the present study dealing with the effects of very high 
rates of fertilizer on the growth and yield of six single-cross 
hybrids. Among the criteria used for evaluation were plant 
heights, silking dates, leaf and grain composition, grain 
yields and residual soil nutrient levels. 
Extremely high rates were employed to obtain information 
in a reasonable period of time, recognizing that more moderate 
rates applied over a longer time period might produce different 
results. It was also thought that the exaggerated rates might 
produce effects which could be more easily identified than if 
produced gradually by conventional rateso The selection of 
rates was based on judgment, hoping to choose increments and a 
range which would describe any positive responses and also 
produce any adverse effects which might develop. 
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LITERATURE REVIEW 
Fertilization of crops has been evident in history since 
early medieval times» On the continent of North America, 
history records that the American Indians used fish as a source 
of fertilization on their corn fields. It was during the 
Colonial Period that the earliest use of commercial fertilizer 
was known. After World War II, the use of commercial ferti­
lizer became widespread and the response of com to fertilizer 
has been well documented for rates of fertilizer where an 
economically feasible return could be realized. Since the 
literature is so well documented in this area, no attempt will 
be made to review it except for recent work. The reader is 
referred to the work of Nelson (1956) for an excellent review 
of the mineral nutrition of corn. There is, however, less 
evidence in the literature on the use of above optimum rates 
of fertilizer for corn. 
Response to Applied Factors 
Nitrogen 
"Undoubtedly more work has been done with N fertilization 
of crops than any of the other nutrient elements, Sutherland 
et al. (1961) working in Iowa found that com responded to N 
when applied to continuous corn at rates up to 120 pounds N 
per acre but little if any additional response was found for 
additional N up to 240 pounds N per acre. Lack of any sig­
nificant additional response above 120 pounds N per acre was 
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attributed to excessive moisture conditions during the growing 
season. 
Brown et al, (1956) working on three Iowa soils found 
significant responses to N up to 160 pounds N per acre on two 
of the three soils, A slight decline in yield was noted when 
an additional 80 pounds N per acre was applied. Pesek et al. 
(1959) found that highest yields of corn were attained with 
200 pounds N per acre on Marshall silt loam and Seymour silt 
loam in Iowa. 
Heady et al. (1955) found the greatest response of com 
was to 120 pounds N per acre when no P was applied; but when 
P was applied, additional responses to N were noted. The 
maximum yield of 135 bushels per acre was obtained with 320 
pounds N per acre and 320 pounds P2O5 per acre. However, 
little response to N occurred at rates above 240 pounds N per 
acre when P was applied at this high rate. At low levels of 
applied P, maximum response to N occurred at 160 pounds N per 
acre; while at high levels of applied P, maximum response to N 
occurred at 240 pounds N per acre. No additional response to 
N was noted above this level. This lack of additional response 
was attributed by the authors to the fact that holding one 
nutrient constant and varying the other limits the productivity 
of the varying nutrient. 
Krantz and Chandler (1954), reporting on the results of 
54 experiments, concluded that N was the most limiting factor 
in corn production in North Carolina. Corn yields were 
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increased about one bushel for each two pounds of N applied. 
Greatest yield increases resulted with the application of 180 
pounds N per acre; however, in a majority of the experiments, 
little response to N above 120 pounds per acre was observed. 
Peele (1964) reported that yield increases of corn were highest 
with 100 pounds N per acre and no additional increase occurred 
with applied N up to 500 pounds per acre on unirrigated sandy 
loam. Irrigation produced responses to N up to 300 pounds per 
acre. 
Thus, in most reported studies, maximum responses to 
nitrogen have been observed in the range of 100 to 200 pounds 
N per acre. Continued response to higher rates have been noted 
in a few studies and some farmers are presently using rates in 
excess of these amounts. Research dealing with higher rates of 
N has generally been confined to more responsive crops or those 
of higher economic value. Much of the work involving high 
rates of N has involved turfgrasses and forage crops. Webster 
et al. (1965) reporting on N fertilization of bermudagrass 
forage, found yield responses to N up to 1400 pounds N per acre 
in one of two years. Moisture limitations the second year 
reduced yield responses to applied N with maximum response 
occurring at levels below those of the first year, 
Adams et al, (1967b) working with bermudagrass, found 
yield responses up to 896 kilograms N per hectare and then a 
decrease with an additional 896 kilograms N per hectare. This 
higher level of N caused a significant lowering of the soil pH 
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which reduced yields. Application of limestone to neutralize 
the pH allowed the bermudagrass to respond positively to the 
highest level of N. 
Goss and Law (1967) applied two levels of N, 1057 and 3460 
pounds N per acre, to bluegrass and observed the shoot weights, 
root weights and N percentage in the shoot tissue. They found 
that the highest level of N decreased the root weight signifi­
cantly but increased the shoot weight. 
The application of high rates of N alone is known to 
produce stalks that are succulent and more susceptible to 
disease. Hooker (1962) indicates that stalk rot increases from 
16 percent on the control plots to 40 percent with the appli­
cation of 80 pounds N per acre. The application of 35 pounds 
P per acre with the N further increased the stalk rot to 49 
percent. Only with the application of K in addition to N and 
P did the stalk rot incidence remain near the control level. 
Also, he reports that the incidence of leaf blight increases 
with increasing N and P. 
Phosphorus 
Responses of corn and other crops to P have been quite 
variable depending on many factors, the most important being 
the soil test level of P. Possibly because P fertilizers are 
not very efficient on many soils and the loss of P from soils 
is not a problem the literature refers to numerous studies 
involving P rates in excess of what would appear to be 
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practical on a short-term basis. As with N, most of these 
studies have involved crops other than corn. 
Brown et al. (1956) reporting on three experiments in Iowa 
found responses to P at two of the three sites. Responses to P 
were controlled by a strong NP interaction. Heady et al. 
(1955) found that increasing P applications above the optimum 
decreased yields at low levels of applied N but did not de­
crease yields at high levels of applied N. 
Peterson (1967) using soybeans, found yield increases of 
soybeans at 500 pounds P per acre. In a second experiment with 
rates of 0, 300 and 600 pp2m of P, he found responses were the 
result of increased seed weight and in some instances increased 
seed numbers per pod. He concluded that the responses were due 
to both: an improvement of the P nutrition of the plants and 
a beneficial effect beyond P nutrition per se. 
Juska et al. (1965) using two varieties of Kentucky 
bluegrass found that top growth continued to respond to P up to 
1527 pounds P per acre. Root growth, however, responded only 
to the first increment of P, 218 pounds P per acre, and then 
failed to show any change with additional P. He found that K 
was limiting above 655 pounds P per acre and was needed for 
additional responses to P. Without the K, root yields de­
creased significantly with additional P above 655 pounds P per 
acre. 
Gannell et al. (1965) applied P up to 1000 pounds P per 
acre to tomatoes and found no effects on yields. They 
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attributed this to an alkaline pH of the soil and assumed that 
much of the P became chemically unavailable by reversion to 
insoluble calcium phosphate. 
Bingham et al. (1958) working with citrus in California 
found that shoot weights of new growth increased with P appli­
cations up to 360 pounds P per acre. Additional P caused 
decreases in weights as a result of P induced Cu deficiency. 
Burleson et al. (1961) found a slight decrease followed by 
an increase over check yields when P rates were increased from 
0 up to 1600 pounds P2O5 per acre on red kidney beans. The 
highest yield response was associated with the top rate of 
P2O5. 
In the North Central States, maximum corn yield responses 
have generally been observed with less than 50 to 60 pounds of 
P per acre. Little evidence has been reported of adverse 
effects from higher rates of P fertilization per se. High 
rates of P have been observed to induce or accentuate micro-
nutrient deficiencies in soils low in these elements» The 
literature contains frequent reference to interacting effects 
between N and P, particularly in regard to the effect of N 
rates and sources upon P fertilizer effectiveness. 
Potassium 
The amount of K present in native soils varies widely and 
is largely dependent on the parent material and on the stage of 
weathering. Older, more weathered soils are generally lower in 
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native K and higher rates of applied K are necessary than on 
younger, less weathered soils. Some crops remove large 
quantities of K as a result of large dry matter yields and 
luxuriant consumption of K. 
Research data from the North Central States show that corn 
seldomly responds to K rates above a 75 to 150 pounds per acre 
range. Limited evidence is available to indicate that under 
some conditions K fertilizers may be beneficial at rates in 
excess of those required for maximum yields. These benefits 
are usually related to increased disease resistance and 
improved stalk quality. 
Many of the studies involving high rates of K fertilizers 
have been concerned not only with the effect of K but also with 
the effect of the associated anion. Of particular interest in 
recent years has been the effects of the G1 ion associated with 
K in KGl fertilizer. It is a mobile ion and is not adsorbed by 
the soil, consequently large applications of KCl would make 
similarly large amounts of CI available for absorption by 
plants or leaching with precipitation. Johansson (1961), in 
summarizing the use of large amounts of K on soils in Sweden 
concluded that it was not always the K alone that affected the 
yields but rather the anion connected with the K. Yield de­
pressions occurring with high rates of K from KCl were 
attributed to the CI ion. Younts and Musgrave (1958a) found 
that yields of corn were increased with added KCl; however, 
yields were higher where K2S0^ was used as the source of K. 
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Jackson et al. (1966) indicated that increasing the G1 
level applied as KGl increased the Mn levels in the plants to 
toxic proportions. This situation could be remedied with 
limestone application. Seatz et al. (1958) found that corn 
yields decreased with added G1 above 300 pounds CI per acre. 
Eaton (1942) found that increasing G1 rates decreased the 
growth of corn. Yields on the highest G1 treated plot were 62 
percent of the check yields. Martens and Amy (1967) found 
that the application of KGl as fertilizer delayed the degener­
ation of the pith tissue in corn while G1 alone had a similar 
but lesser effect. This would tend to reduce stalk lodging and 
stalk rot. Liebhardt and Murdock (1965) stated that the pa­
renchyma breakdown occurred with maturity, but K deficiency 
hastened the process. They also found stalk lodging occurred 
during drying when the N-K ratio in the plant exceeded a value 
of 3.5 at physiological maturity. 
High rates of K often reduce the Mg concentration in the 
plant as a result of cation competition. Peaslee and Moss (1966) 
associated the rate of photosynthesis in corn leaves with the K 
or Mg concentration. Critical levels were 2 mg. per gram for K 
and 200 ug. per gram for Mg on a fresh weiglït basis. Corn 
leaves that had no visible K deficiency symptoms could be K 
deficient and have sharply diminished photosynthetic rates. 
This was attributed to a decrease in the stomatal aperatures 
with K deficiency. 
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Salt effects 
Since high rates of N and K were used in this study it 
would seem appropriate to include a brief review of salt 
effects on plant growth. The United States Salinity Laboratory 
defines a saline soil as, "one which contains sufficient solu­
ble salts to affect adversely the growth of plants," U.S.D.A. 
(1954). Allison (1964) states that the electrical conductivity, 
Eg, of the saturation extracts in millimhos per centimeter is a 
basis for estimating the salinity of a soil. Extracts with E^ 
values less than 2, 2 to 4, 4 to 8, 8 to 16, and more than 16 
are soils which have negligible effects, effect very sensitive 
crops, effect many crops, effect all but the most tolerant 
crops, and effect all crops respectively. Corn is considered 
moderately sensitive which would mean it could withstand EQ 
values up to approximately 8 millimhos per centimeter of 
salinity. 
Allison (1964) also states that it is the total concen­
tration of salts rather than the nature of the ions that is 
considered to be the major factor in depressing crop yields. 
Bernstein (1963) suggested that the osmotic pressure of the 
tissue increases approximately the same amount as the increase 
in the growing media. Hayward and Bernstein (1958) found that 
with increased osmotic pressure of the soil solution, water 
uptake by plants was reduced. Allison (1964) reporting on the 
work of several researchers concluded that the salt injury 
resulted from the increased osmotic pressure not the reduced 
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water uptake. Bernstein (1963) found that the osmotic pressure 
has diurnal fluctuations. He also found that the K content of 
peppers and beans likewise had a similar diurnal fluctuation. 
The osmotic pressure increased during the day in the above 
ground portions of the plants and increased in the roots during 
the night. He suggests that the fluctuations are associated 
with photosynthetic accumulation and breakdown. Also, the 
organic acid content of the plants fluctuated with diurnal 
periodicity and he suggested that increased K uptake was as­
sociated with increased organic acid content. 
Salinity effects 
Kaddah and Ghowail (1964) found that the time of incidence 
of salinity in the vegetative cycle of corn was of great im­
portance and that plant processes were affected differently. 
The vegetative growth was reduced when salinity problems 
occurred during the seedling stage.- The date of tasseling and 
silking were also delayed. Grain yields were more sensitive to 
salinity than were stover yields. Grain yields were reduced 93 
percent while stover yields were reduced 74 percent, both quite 
significant reductions. 
Khalel et al. (1967) observed yield decreases of corn as a 
result of reduced response to N with increasing salinity of the 
soil. Poor response to fertilizer applied was associated with 
decreased photosynthesis and reduced utilization of the photo-
synthates in the presence of high osmotic pressures within the 
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plant. 
Fertility Effects on Plant Composition 
Plant analysis has been widely used in recent years to 
evaluate the nutrient status of plants. In corn the leaf 
opposite and below the primary ear has been sampled at silking 
time by many workers for this purpose. The chemical analysis 
of this leaf has given researchers considerable data about the 
nutrient status of the corn plant. As a result of these 
analyses, optimum ranges of nutrients have generally been 
agreed upon, recognizing that weather, hybrids and soil nutri­
ent status all influence the nutrient composition. The optimum 
N level in corn leaves has generally been agreed upon as ap­
proximately 3.0 percent. Dumenil (1958) has presented an 
extensive review of this subject. Leaf N generally increases 
with increasing rates of fertilizer N applied but is also 
influenced by numerous other factors. 
Under certain environmental conditions and high rates of 
applied N, nitrates may accumulate in many plants. The highest 
concentrations of nitrates are usually found in plant stalks or 
other conducting tissue rather than in the leaf blades. Conse­
quently leaf analysis may not be a very good indicator of the 
nitrate content of corn plants. 
Since N is mainly absorbed as nitrates, ions that compete 
with nitrates for absorption have been of concern. Lundegardh 
(1959) found that the application of CI decreased the NO3 as 
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well as PO^, uptake by plants. He suggests that where antago­
nistic effects are present the ions in question are competing 
for the same carrier, however, where synergestic effects occur 
the ions are related to biochemical mechanisms and are absorbed 
as a result of specific binding. Kretschmer et al. (1953) 
found that increasing CI amounts applied to the soil decreased 
the N content of plants, Younts and Musgrave (1958b) found 
that CI had little effect on other nutrients when used in field 
experiment s. 
The P concentration in corn leaves normally ranges from 
0.15 to 0.35 percent P on a dry weight basis. Many researchers 
have suggested 0.25 to 0.30 percent P as an optimum range for 
corn. The P concentration in plants generally increases as a 
result of P fertilization. However, other factors such as N 
fertilization and weather prior to tissue sampling also affect 
P concentration. 
High concentrations of P in other crops have been observed 
as a result of high rates of P fertilization. Ellis et al. 
(1964) were able to raise the P level in corn leaves up to 0.39 
percent P in the greenhouse with 655 pounds P per acre. Other 
workers have observed that under favorable conditions the P 
content of corn leaves will reach this level or slightly 
higher. 
High concentrations of P in other crops have been observed 
as a result of high rates of P fertilization. Ellis et al. 
(1964) found that the P content of field beans reached 0.90 
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percent P with 1092 pounds P per acre. Boawn et al. (1954) 
found that increasing applied P up to 400 pounds P2O5 per acre 
continued to raise the P content of dry beans despite the fact 
that dry weights decreased above the 200 pounds P2O5 per acre 
application. Burleson et al. (1961) founc^ that the total P 
uptake by red kidney beans showed the highest response to the 
highest P application even though no change occurred in the dry 
weights of plants. This lack of increase in dry weight could 
be the result of some other element being limiting. 
It has been thought that the presence of high amounts of 
CI in the soil solution may result in its absorption rather 
than PO^ because of anion competition. Garter and Lathwell 
(1967) found no effect of CI on P uptake of corn seedlings. 
Seatz et al. (1958) also found little effect of G1 on P content 
of corn. Pal et al. (1963) on the other hand found that CI 
application increased the P content of tobacco leaves. 
There is much evidence in the literature to indicate that 
N fertilizers, particularly the ammonium forms, may enhance P 
absorption by plants. Blanchar and Caldwell (1966a) found that 
the addition of NH^Cl with Ga(H2P04)2 increased the P uptake by 
corn approximately three fold in young plants. They concluded 
that the ammonium ion increased the capacity of the plant to 
absorb P and did not affect the P availability from the soil. 
Other workers have attributed the benefits of nitrogen to in­
creased availability of P fertilizers. 
The normal range of K in corn leaves is from 1.0 to 2.0 
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percent K with the optimum range generally considered to be 
from 1.5 to 1.7 percent K. Peaslee (1966) has suggested that 
the critical level of K content in corn leaves at tasseling 
grown in the greenhouse is 1.5 percent on a dry weight basis. 
Plants often tend to absorb K beyond the level at which vege­
tative growth ceases; this is true of corn as well as other 
plants. Younts and Musgrave (1958b) report young corn plants 
have as high as 2.83 percent K in their leaves with 120 pounds 
K applied per acre. Benne et al. (1964) report that corn 
leaves may contain from 2.23 to 3.22 percent K at silking 
depending on their location on the stalk. 
Effect of Applied Fertilizers 
on Soil Nutrient Levels 
Most sources of N fertilizer create acidity when applied 
to the soil, however, there are some sources which contain ions 
such as Ga or Na which negate the acidic forming tendency of N. 
Potential acidity of N sources is usually expressed as the 
amount of GaC03 necessary to neutralize the acidity. There are 
many tables available for the common N materials which list the 
amounts of CaCO^ necessary to neutralize the potential acidity. 
There is, however, less information on the changes in soil 
pH to various depths after the addition of given quantities of 
N. Adams et al. (1967a) using NH^NOg on a Cecil sandy loam 
found that after five annual applications of 224 kilograms N 
per hectare the pH of the 0-15 cm depth decreased significantly 
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but lower depths were not appreciably effected. Application of 
448 kilograms N per hectare decreased soil pH down to 30 cm 
depth. The application of 896 kilograms N per hectare de­
creased soil pH down to 60 cm in depth and the application of 
1793 kilograms N per hectare decreased the soil pH to a depth 
of 120 cm. Wolcott et al. (1965) using six sources of N, found 
that more residual acidity occurred from using (NH^)2S04 and 
NHi^Gl than from The application of 300 pounds N per 
acre as NH^NO^ for five years decreased the soil pH values from 
5.7 to 4.7 in the 0-10 inch depth and from pH 5.7 to 5.2 in the 
10-15 inch depth. 
It is common knowledge that all N forms are normally con­
verted to NO2 and that NO^ accumulates in the profile if they 
are not absorbed or leached out. In most humid areas, there is 
sufficient water moving down through the profile to leach out 
excess NO3. Sutherland et al. (1961) studying the effects of 
variable nitrogen rates on an Edina silt loam found that in­
creasing rates of applied nitrogen to continuous corn produced 
increasing residual nitrate contents. The magnitude of the 
residual effects in the top five feet of soil increased pro­
portionately with the application rate. They also found that 
there was little difference in the nitrate nitrogen accumu­
lation with the date of sampling during the growing season, 
however, slight increases did occur over winter. Krantz et al. 
(1943) found little buildup of N in the soil from one year to 
the next. Any accumulation of nitrates that occurred usually 
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disappeared by the beginning of the next growing season. 
The application of large quantities of salts to soils 
may not be rapidly converted to NO3 under some environmental 
conditions. This high concentration of ions may have 
damaging effects upon seeds and young seedlings. Smith (1967) 
reports that with a buildup of ammonia near decomposing tissue 
in the soil, nitrification is inhibited. The oxidation of NO2 
to NOg is reduced by ammonia effects on the Nitrobacter. 
Consequently high levels of NH3 will reduce the oxidation of 
NH3 and may result in NH3 toxicity of plants. 
Some sources of P, especially those containing N may have 
a residual acidity effect on soils. Most of the Ga phosphate 
sources, such as superphosphates, have little long-time effect 
on soil reaction. Acid conditions will temporarily occur in 
the vicinity of superphosphate granules as they dissolve. 
Blanchar and Caldwell (1966b) found that there was a decrease 
in soil pH immediately surrounding pellets of Ca(H2POi,.)2 and 
that the application of NH^Cl or KCl with the pellets increases 
the volume of soil in which a pH decrease was observed. 
It is common knowledge that the addition of soluble P 
fertilizer in amounts in excess of that removed by plants 
results in increased levels of P in the soil as measured by the 
soil test. However, since P moves only slightly in most soils 
the buildup in P usually occurs in the zone of placement. In 
some instances, especially on lighter textured soils movement 
may occur to a greater extent than on heavier soils, especially 
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if P is applied at high rates. Gannell et al. (1965) using 
rates of P up to 1000 pounds P per acre found significant in­
creases in the P level of the top six inches on a Moreno sandy 
loam but no difference at greater depths, Fiskell and Spencer 
(1964) observed soil P changes down to four feet on Lakeland 
sandy soil with six annual applications of 2134 pounds P per 
acre. 
Since P is not leached from the soil, it may revert to 
relatively insoluble forms which become slowly available. 
Residual effects are often evident for long periods after 
discontinuance of application. Kamprath (1967) found signifi­
cant yield differences on plots which were fertilized with P 
nine years previously. Campbell (1965) likewise found signifi­
cant residual effects of high rates of P after five years of 
cropping. Peck et al. (1965) observed that the residual levels 
of P and K decreased most the first two years after discon­
tinuance of fertilizer applications. 
Potassium is primarily held in soils in the exchangeable 
form and as such does not move readily in soils of high 
exchange capacity unless displaced by an added ion. In sandy 
soils of low exchange capacity, K may move considerably. 
Trocme and Barbier (1961) observed that higher yields of 
potatoes could be obtained when small applications of K were 
applied to soils with a high K reserve than when large amounts 
of KCl were applied to K deficient soils. Patterson and Richer 
(1966) found that the exchangeable K content of Hagerstown 
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soils in Pennsylvania could be increased to depths of 24 inches 
with moderate applications of K for ten years while manure 
applications for 77 years increased exchangeable soil K only to 
depths of 12 inches. 
Adams et al. (1967a) found that 370 kilograms K per 
hectare increased exchangeable K levels of a Cecil sandy loam 
to depths of 45 centimeters and to depths of 60 centimeters 
with 740 kilograms K per hectare when applied annually for 
three years. Krause (1965), measuring K movement through 
soils, observed that K movement increased approximately two 
fold when the soils were strongly acid, pH 4.3; compared to 
when they were moderately acid, pH 5.1. Movement was increased 
three fold on pH 4.3 soils when compared to soils with pH 
values of 6.4. 
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MATERIALS AND PROCEDURES 
Field Procedures 
Site description 
Two sites in the Clarion-Webster Soil Association Area in 
Central and North Central Iowa were chosen for this study. One 
site was located on the Agronomy Farm five miles west of Ames 
and the other was located on the Clarion-Webster Experimental 
Farm two miles south of Kanawha, Iowa. These sites were chosen 
because of the large acreage of corn produced in the area, 
because of their proximity to Ames and the availability of land 
for long-time studies. 
The soil on both sites is primarily Webster silty clay 
loam. Webster soil has developed on calcareous glacial till 
under wet prairie grass vegetation. The surface 15 to 20 inches 
of Webster soil is black, silty clay loam while the subsoil is 
a gray to olive gray loam or clay loam. It occurs on nearly 
level (less than 3 percent slopes) uplands, is naturally poorly 
drained and generally needs to be artificially drained for good 
crop growth. Portions of the Agronomy Farm site grade toward 
the lighter textured Nicollet loam, and parts of the Clarion-
Webster Farm site is mapped as the calcareous variant of 
Webster. These soils are inherently low to medium in N, very 
low to low in P, and very low to medium in K. The surface soil 
varies from slightly acid to calcareous in reaction. 
A variety of crops were grown on the Clarion-Webster site 
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in the ten years prior to the establishment of this experiment 
but only moderate rates of fertilizer were used. Little is 
known about the past management of the Agronomy Farm site but 
it is assumed that it was used primarily for row crops in 
recent years. Soil test values indicate that large amounts of 
fertilizer had not been applied recently. 
Experimental design and treatments 
The experimental design used in the studies was a split-
plot design with the fertilizer treatments being applied to the 
main plots and the corn hybrids being grown as the sub-plots. 
Seven levels each of N, P, and K and a control treatment (no 
fertilizer applied) were used making a total of 31 treatments. 
The 31 treatment combinations result from the composite design 
as described by Box and Wilson (1951). Two replications were 
employed at each site. The treatment combinations and rates 
are shown in Table 1. 
The fertilizer levels included N in 200 pound increments 
up to 1200 pounds, P in 75 pound increments up to 450 pounds, 
and K in 150 pound increments up to 900 pounds per acre. The 
selection of levels and range of nutrients was based primarily 
on judgment. It was hoped that the levels chosen were such 
that the ascending portion of the response surface would be 
adequately described while a maximum and finally a descending 
surface would be reached. It was realized that the latter 
might require more than one year of application. 
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Table 1. Fertilizer rates and combinations applied annually at 
each site 
Pounds per acre 
Treatment number Nitrogen Phosphorus Potassium 
1 0 0 0 
2 0 0 900 
3 0 225 450 
4 0 450 0 
5 0 450 900 
6 200 75 150 
7 200 75 750 
8 200 375 150 
9 200 375 750 
10 400 150 300 
11 400 150 600 
12 400 300 300 
13 400 300 600 
14 600 0 450 
15 600 225 0 
16 600 225 450 
17 600 225 900 
18 600 450 450 
19 800 150 300 
20 800 150 600 
21 800 300 300 
22 800 300 600 
23 1000 75 150 
24 1000 75 750 
25 1000 375 150 
26 1000 375 750 
27 1200 0 0 
28 1200 0 900 
29 1200 225 450 
30 1200 450 0 
31 1200 450 900 
24 
Six single-cross hybrids, consisting of all possible 
combinations of four inbreds commonly found in corn belt 
hybrids, were used in this study. The inbreds were Wf 9, Oh 43, 
B 14, and A 257 and the resultant single-crosses were Wf 9 x 
Oh 43, Wf 9 X B 14, Wf 9 X A 257, Oh 43 x B 14, Oh 43 x A 257, 
and B 14 x A 257. The first two listed hybrids were male 
sterile while the others were pollen restorers. A double-cross 
hybrid, Iowa 5087, which contained all of the above inbreds was 
used to plant border rows. 
The main plots were 50 x 26 2/3 feet in size, which 
allowed 8 rows at 40-inch spacing to be planted lengthwise in 
each plot. Each main plot contained 6 subplots, consisting of 
a single row of each of the single-cross hybrids. The outside 
rows of each main plot were planted to the double-cross hybrids 
to serve as protection against border effects. In 1967 only 
two single-crosses, Wf 9 x B 14 and B 14 x A 257, were grown 
and the sub-plots consisted of 3 rows of each plus the outside 
border row. 
Cultural practices 
Ammonium nitrate, concentrated superphosphate and potassi­
um chloride were used as sources of fertilizer. The amounts of 
fertilizers were weighed for each plot and applied by hand. 
The fertilizer for the first year of the experiment was applied 
In the spring of 1965 and plowed under. The P and K treatments 
for the 1966 and 1967 crops were applied in the fall and plowed 
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under, while the N was applied in the spring and disked into 
the soil prior to planting. The treatments were applied to the 
same plots for each of the three years of the study. A basic 
treatment of zinc sulphate was applied to both sites in the 
spring of 1966 to supply approximately 15 pounds of Zn per 
acre. 
In 1965 and 1966, the test hybrids were hand planted in 
hills spaced 20 inches apart in the row. Planting dates were 
during the last week of April or early in May. In 1967 they 
were machine planted and were drilled in the row. In all 
cases an excess of seed was planted and the stands were thinned 
to approximately 19,000 plants per acre when the young 
seedlings were about 3 to 6 inches tall. It was thought that 
such a plant population would be adequate for near maximum 
yields in good seasons and would not result in excessive yield 
reductions in poor seasons. No information could be found in 
the literature regarding the response of these test hybrids to 
variable plant populations as a guide for stand densities. 
Weed control was accomplished by preemergence applications 
of Atrazine, by cultivation and hand weeding when necessary. 
Applications of granular DDT provided excellent control of corn 
borers. Aldrin was applied each year for control of soil 
insects and Diazinon was applied in 1967 for specific control 
of western corn rootworms. However, observations indicated 
that the latter gave only partial control. 
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Measurement of dependent parameters 
Plant height measurements were made about six weeks after 
emergence to evaluate early-season growth response to the 
fertilizer treatments. These measurements consisted of measur­
ing the extended leaf height of 20 plants in each sub-plot. 
Date of silking of the hybrids on each sub-plot was 
recorded as an estimate of the effect of the experimental 
treatments upon plant development and maturity. Plants were 
considered to be silked when silk had emerged 1/4 to 1/2 inch 
on 75 percent of the plants in a measured section of row, as 
indicated by periodic counts. The dates of silking and the 
number of days from planting to silking were used in compu­
tations regarding weather effects upon yields. 
A leaf sample to be used for chemical analysis was 
collected from each sub-plot at the date of 75 percent silking. 
These samples consisted of the leaf opposite and below the 
primary ear shoot on 16 plants in each sub-plot. These samples 
were weighed prior to drying and processing for chemical 
analysis. 
Yield measurements were made by conventional methods. The 
ears from a measured section of row were hand picked and 
weighed. Grain samples were taken from each yield sample for 
moisture determination and some of these samples were selected 
and retained for chemical analyses. All yields were adjusted 
to 15.5% moisture content. The total number of plants and the 
number of barren and lodged plants were also counted at harvest 
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time. 
It was anticipated that a numerical measurement of plant 
stress due to limited soil moisture might be used in evaluating 
the yield results. A commonly used method of expressing stress 
consists of recording the number of stress days during certain 
periods of plant growth. Stress days are considered as those 
days when évapotranspiration potential exceeds the soil 
moisture supplying power. The actual stress dates were 
calculated according to the method of Shaw (1963). A stress 
index was calculated for each hybrid on each fertilizer 
treatment each site each year. These values were computed by 
considering each day of stress between planting and one week 
before silking as a single stress day and each day of stress 
during the week prior to silking as two stress days. A pre­
liminary study indicated that this weighted index as suggested 
by R. H. Shaw^ accounted for equal or slightly larger portions 
of the yield variation than did other methods. 
The 0-6 and 6-12 inch depths of soil on each main plot 
were sampled in the spring of 1965 prior to the initial ferti­
lizer application. Samples were taken from the 0-6 inch depth 
on each main plot in the fall of 1965, 1966, and 1967, prior to 
applying fertilizer for the next seasons crop. In 1967 the 
9-15 inch layer was also sampled. This depth was chosen to 
^Shaw, R. H. Ames, Iowa. Computation of stress days. 
Private communication. 1965. 
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measure downward movement of nutrients below the zone of physi­
cal mixing of fertilizer and soil by plowing. All soil samples 
consisted of a minimum of 12 cores per plot. The samples were 
stored moist in a cooler until available P, exchangeable K, 
ammonium production rate, and the pH could be determined by the 
Iowa State University Soil Testing Laboratory. 
Chemical Analyses 
The leaf tissue and grain samples collected for chemical 
analyses were ground, oven dried, and wet ashed in concentrated 
sulfuric acid with a copper catalyst. Nitrogen was determined 
by steam distillation of ammonia from a basic aliquot of the 
digest. The ammonia was collected in boric acid solution con­
taining an indicator and subsequently titrated with standard 
sulfuric acid. Phosphorus was determined colorimetrically by 
the modified vanadomolybdate procedure. Potassium determi­
nations were made by a comparison of standard solutions to 
unknown solutions of the samples using an atomic absorption 
unit. Chloride determinations were made by leaching samples 
with boiling water and determining the chloride content of an 
aliquot according to the Mohr method as described by Bower and 
Wilcox (1965) pp. 947-948. 
Nitrate analysis of selected leaf samples were made 
according to the procedure proposed by Keeney and Bremner 
(1966). A sample of tissue was leached with boiling IN NaCl 
solution and an appropriate sized aliquot was steam distilled 
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for ammonia after being made basic with ignited magnesium 
oxide. .The distillate was discarded and the remaining contents 
of the distillation flask was treated with finely ground 
Devarda's alloy and steam distilled a second time with the 
distillate collected in boric acid containing an indicator. 
The boric acid solution was then titrated with standard 
sulfuric acid. 
Statistical Procedure 
The statistical design selected for this experiment was a 
central composite design. This design requires fewer treatment 
combinations than other designs to obtain a yield function 
describing the effects of the fertilizer variables and allows 
experimentation over a wider range of soil conditions. The 
center points and the check plots (no fertilizer applied) were 
replicated four times at each location while all other plots 
were replicated twice. 
Analyses of variance were calculated for each site-year of 
data to ascertain the treatment effects on grain yields; leaf 
N, P and K. A combined analysis of variance over sites within 
each year was also calculated for grain yields. The hybrid and 
hybrid x treatment interaction was also partitioned into the 
general combining ability (G.C.A.) and specific combining 
ability (S.C.A.) effects according to Method 4 of Griffing 
(1956). 
Multiple regression analysis were used for each site-year 
of data to ascertain the effects of applied N, P and K on grain 
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yields; leaf N, P and K on grain yields; and applied N, P and K 
on leaf composition. The multiple regression techniques used 
were those described by Anderson and Bancroft (1952). No 
attempt was made to delete terms from the individual regression 
equations on the basis of tests of significance of the indi­
vidual regression coefficients. The general model for yield 
was as follows: 
Y = bg + bj^N + h2^ + b^K + + ^22^ ^ ^ 33^ ^12^^ 
+ b^gNK + b23PK 
Where Y is the yield in bushels per acre; N, P and K are 
the applied fertilizer variables in 100 pound increments; and 
the b's are the partial regression coefficients to be estimated 
by the least squares procedure. The fitting of these equations 
to each site-year of data gave an indication of the response at 
that site. 
The six site-years of data for grain yields were combined 
into a general multiple regression equation including soil 
variables and stress days to account for the differences within 
and among sites and years. The equation was developed by the 
method of Schultz and Goggans (1961) where all simple re­
gressions are examined and the most potent variables identified. 
Regressions are then run using the most potent variable and 
then the addition of the next, most potent variable and so on in 
a stepwise fashion until a satisfactory portion of the vari­
ability in Y has been accounted for. In the determination of 
potent variables an F-level can be set to determine which 
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variables are potent. For this experiment an F-level of 1.0 
was selected which is equivalent to a t-test probability 
greater than 0.30 or a t-value slightly greater than unity. 
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RESULTS AND DISCUSSION 
Corn yields and leaf N, P and K contents responded in 
various degrees to applied N, P and K and also were influenced 
by the hybrid itself. The yield response was greatest to 
applied N and diverse in its response to P and K. . Yields were 
not adversely affected by the high rates until the third year. 
Yield reductions occurred with low pH values and on plots 
receiving high rates of N and K thus indicating a possible salt 
effect. 
Leaf content varied primarily due to the respective 
fertilizer nutrient and the hybrids reacted differently. Those 
hybrids that were high in leaf N ^ P or K did not always produce 
the highest yields. 
Soil test values were effected most by the respective 
fertilizer nutrient. Changes in soil test level were evident 
to depths of fifteen inches, the deepest depth to which soil 
samples were taken. 
Weather Conditions 
Weather conditions during the 1965 through 1967 period 
were such that corn yields in general were average or above at 
both sites. Monthly rainfall and temperature averages during 
the growing seasons are shown in Table 2 for the three seasons 
at both sites. Moisture was somewhat limiting during midseason 
in 1965, at the Agronomy Farm site. The heavy rains in 
September of that season delayed grain maturity and drying but 
Table 2, Rainfall and temperature data for the Agronomy and Clarion-Webster Farms 
Rainfall, inches Temperature, °F 
April May June July Aug Sept Total April May June July Aug Sept 
Agronomy Farm 
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had little apparent effect upon yields. 
The 1966 season was characterized by high levels of 
subsoil moisture at the beginning of the season and by favor­
able distribution of rainfall, during the growing season. As a 
result, the top yields for the study were obtained during this 
season even though total rainfall was slightly below normal. 
Subsoil moisture levels were below average at the beginning of 
the 1967 season and rainfall was poorly distributed during the 
season. A dry early spring was followed by 9 to 10 inches of 
rainfall in June and by below average amounts for the remainder 
of the season. However, the moisture from the June rains and 
below normal temperatures throughout the season resulted in at 
least average yields at the two sites. 
Influence of Insects and Diseases 
With the possible exception of 1967 at the Clarion-Webster 
site there was little evidence that insects exerted any influ­
ence on corn yields. Control measures were used for com 
borers each season and while no attempt was made to system­
atically evaluate borer damage, examination of individual 
plants at harvest time revealed an almost complete absence of 
borer cavities in the stalks. Corn rootworms caused no 
apparent damage in 1965 and 1966 but an increase in both the 
number of beetles and worms was observed in 1967. This in­
crease was probably due to a general build up of rootworm 
populations in the areas and to untimely control measures. Wet 
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weather prevented application of the insecticide until about 
June 20 which was probably too late for best control. 
Some rootworm feeding was observed at the Agronomy Farm 
site but damage appeared to be slight, A windstorm in late 
July at the Clarion-Webster site caused considerable root 
lodging on the unbalanced fertilized plots. It was thought 
that the general poorer vigor of these plants, and failure to 
regenerate roots destroyed by rootworms made them more vulner­
able to wind damage, Many of these plants failed to straighten 
up with time and the relatively low 65 bushel yield on the 
check plots suggests that root lodging reduced yields on these 
plots. Appendix Table A.33 shows the number of root'lodged 
plants by treatments. In general those plots which received 
less than 600 pounds of N per acre or those with unbalanced 
nutrition were most severely effected. 
Early in the 1967 season, Holcus spot was evident on many 
plants at the Clarion-Webster site. It was less prevalent at 
the Agronomy Farm, The rusty colored lesions were most 
widespread on the lower leaves and very few lesions were ob­
served above the middle part of the plant. The spread of these 
lesions was practically nil after late June. While the ef­
ficiency of some of the lower leaves may have been reduced by 
this condition it seems doubtful that yields were significantly 
influenced. Visual observations indicated that the disease 
incidence tended to be more severe on plants which received the 
higher rates of N. 
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Later in the season the upper leaves of many plants died 
prematurely at the Agronomy Farm site. The symptoms tended to 
resemble bacterial leaf blight but the condition was diagnosed 
by plant pathologists in the Botany Department as being non-
pathological in nature. Interveinal portions of the leaves 
were first affected shortly after silking with these areas 
gradually coalescing and the. whole leaf dying. The necrosis 
started at the top of the plant and progressed downward to 
about the ear leaf. A relative index of the necrosis appears 
in Appendix Table A.32. In general, the necrosis was greater 
on the higher fertilized plots but did not appear to be associ­
ated with any one of the individual fertilizer elements applied. 
Appendix A includes data on all of the plant parameters 
measured in this study. The replicates in the tables are field 
replicates. The yields, leaf composition and soil test data 
will be discussed in depth and the other parameters will be 
used only when necessary for supporting data. 
Designation of Uncontrolled Factors 
Voss (1962) has suggested that uncontrolled factors such 
as weather variables and soil test levels be used to explain 
variability in yields or other measurements which were not ex­
plained by the controlled variables. One means of accomplishing 
this has been to relate levels of these uncontrolled variables 
with check yields (yields of unfertilized plots) obtained at 
different sites and/or in different years. Experimental sites 
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are selected to be uniform in soil properties such as nutrient 
content but considerable variation may exist in large areas and 
a knowledge of this variation may be useful in explaining yield 
variability within sites. 
In the case of long-term studies involving periodic appli­
cations of fertilizers to the same plots, variation in soil 
nutrient levels exist after one or more applications because of 
residual accumulations. Evaluation of these levels is necessary 
to explain the performance of the following crop, which in 
essence represents a new experiment. Soil tests are the usual 
means of evaluation and such measurements are commonly con­
sidered to be uncontrolled variables» They are expected to 
closely reflect the levels of previously applied fertilizers 
but are expressed in different units and vary in magnitude with 
different sites and soils. 
In addition to obtaining information regarding soil test 
values as ati uncontrolled factor one major objective of these 
experiments was to generally study nutrient levels and movement 
resulting from the exaggerated rates of fertilizer applied. 
Soil samples were initially taken from 0-6 and 5-12 inch depths 
on each plot at both sites. Each plot was also sampled follow­
ing corn harvest in succeeding years. Most of the analyses 
were determined by the Iowa State University Soil Testing Labo­
ratory. 
Very little difference in the soil test levels of N would 
be expected as a result of applied N. This test measures the 
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rate of conversion of organic N to ammonium and does not reflect 
the amount of inorganic N present. The soil pH might be ex­
pected to be a better indicator of the N added when dealing 
with the rates and form of N applied in this study. The soil 
tests for P and K would be expected to show the effect of P and 
K added. 
The correlation of the respective soil test values with 
the applied fertilizer variable should give some indication of 
the ability of the soil test to measure the carry over from 
previous applications. Table 3 shows these correlations. No 
correlation would be expected the first year since the soil 
samples were taken before the fertilizer was applied. 
The application of N to soils in the form of NH24.NO3 would 
be expected to decrease the soil pH, The NO3 in NH4NO3 would 
form HNOg while the would be oxidized to NO^ and it too 
would form additional HNO3. A definite negative trend occurred 
with the correlation of N and soil pH, indicating that there 
was a residual N effect on soil pH during succeeding years at 
both sites. The trend was somewhat less definite at the 
Clarion-Webster Farm than at the Agronomy Farm since the soil 
at this site was mostly Webster silty clay loam while at the 
Agronomy Farm more of the lighter textured variations of the 
Clarion-Webster Soil Association are present in the experimental 
area. The heavier textured Webster silty clay loam has a higher 
organic matter content and also is more highly buffered than the 
lighter soils. In addition the initial soil pH at the Clarion-
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Table 3. Correlation^ of the applied fertilizer and the soil 
test associated with these respective variables in 
each site-year of data 
Applied vs soil test 
Site Year Nitrogen Phosphorus Potassium N vs pH 
Agronomy 1965 +0. 1726 -0. .0198 +0. 0663 +0. 2154 
Farm 1966 +0. 0125 +0. ,9416 +0. ,8827 -0. 4953 
1967 -0. 2930 +0. 9314 +0. 9202 -0, .7222 
Clarion- 1965 -0. .0261 +0. ,0543 +0. 0816 -0. 0338 
Webster 1966 -0. 0021 +0. 8261 +0. 8402 -0. 4235 
Farm 1967 +0. 1433 +0. ,6856 +0. 9332 -0, .5108 
^r = .242, significant at the 0.05% probability level; 
r = .315, significant at the 0.01% probability level. 
Webster site was near 7.5 and some free CaCO^ was present while 
the pH at the Agronomy Farm was near 6.7. These factors would 
all tend to lessen the reduction in pH resulting from applied N 
at the Clarion-Webster Farm. 
There was an increase in soil test level of P the second 
year at both sites. However, the third year there was less of 
a correlation between soil test for P and the applied P. This 
must be a result of sampling error and determination error 
since the correlations after two applications should have been 
greater than after a single application, A positive trend was 
evident at both sites with K. 
The change in check plot yields from year to year indicates 
that weather conditions were important in determining yield. 
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Management of the experiments at both sites was held as constant 
as possible so that differences in sites and years could be as­
sociated with soil and weather factors. Table 4 shows the check 
yields at both sites for all three years. 
Past research has shown that the number of stress days was 
important in determining yields, Voss (1962) and Desselle 
(1967). A comparison of check yields was made with the number 
of stress days and it was found that check yields were inversely 
related to the number of stress days. No attempt was made to 
plot these because of the limited number of check plots. 
Based on these observations, soil test levels and stress 
days were used as uncontrolled factors in the final multiple 
regression equation for grain yields as a means of accounting 
for additional variability within and between sites in addition 
to that variability accounted for by the applied or controlled 
variables. 
Table 4. Check plot yields (bu/A) for all site-years 
Site 1965 1966 1967 
Agronomy Farm 
Clarion-Webster Farm 
90.5 112.3 84.8 
111.0 102.8 65.0 
41 
The Effect of Applied Fertilizer Variables 
on Soil Test Levels 
Soil pH 
The application of N as NH^NOg would be expected to lower 
the pH value of soils. Large applications of N would also be 
expected to lower the pH more than small amounts although this 
change might not be linear. Measurements of pH were made in 
the spring of 1965 (original samples), in the fall of 1965 
after one N application, in the fall of 1966 after two N appli­
cations, and in the fall of 1967 after three N applications. 
Soil samples were not taken in the fall of 1967 at the Clarion-
Webster Farm as a result of late field operations and an early, 
wet snow. 
The pH values are shown in Table 5. The pH value decreased 
with annual applications except for 1967 at the Agronomy Farm. 
It is not evident why the pH in 1967 was higher than in 1966 
when an additional application of N was applied. Sampling 
error and determination error must have accounted for this rise 
in pH. The pH values at the Clarion-Webster farm were higher 
initially than at the Agronomy Farm. There was less of a de­
crease in pH at the Clarion-Webster Farm with added N than at 
the Agronomy Farm due to the higher buffering capacity and the 
presence of some free CaCO^ in the soil. 
Figure 1 shows the regression lines, equations and corre­
lation coefficients for the simple regression of Y, soil pH 
value, on N applied in pounds per acre. The shorter line is 
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Table 5. Soil pH values of the 0-6 inch depth at both lo­
cations after one, two and three annual applications 
of N 
Lbs. N/A Agronomy Farm Clarion-Webster Farm 
annually Original 1965 1966 1967 Original 1965 1966 
0 6.62 6.50 6.50 6.58 7.56 7.57 7.48 
200 6.70 6.48 6.29 6.38 7.60 7.60 7.30 
400 6.69 6.29 5.94 6.00 7.54 7.25 6.91 
600 6.71 6.21 5.61 5.86 7.61 7.34 6.84 
800 6.73 5.85 5.15 5.45 7.35 6.95 6.40 
1000 6.64 5.81 5.01 5.24 7.64 7.11 6.53 
1200 6.95 5.92 5.24 5.40 7.55 6.93 6.39 
for the single annual application and the longer line for the 
two annual applications. 
The reduction in pH per pound of N applied at the Agronomy 
Farm was 0.0006 pH units per pound N for both years while at 
the Clarion-Webster Farm the reduction was 0.0005 pH units the 
first year and 0.0004 pH units the second year. 
Table 6 shows the pH values for the 6-12 inch depth at the 
Agronomy Farm originally, and for the 9-15 inch depth after 
three annual applications of N, 1967. The rate of decrease in 
pH was 0.0002 pH units per pound of N applied. It required 
three annual applications of approximately 300 pounds N per 
acre to the surface to change the pH of the 9-15 inch depth. 
Figure I. Regression of soil pH in the 0-6 inch depth on N applied after one and 
two annual applications at the Agronomy and Clarion-Webster Farms 
8.0 r 
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Table 6. Soil pH values at the Agronomy Farm after three 









0 6.71 6.82 
200 6.78 6.91 
400 6.74 6.59 
600 6.79 6.38 
800 6.84 6.10 
1000 6.71 6.11 
1200 6.97 6.15 
Phosphorus 
The assumption is made in this discussion that nothing 
effects the availability of soil P except applied P. In 
reality this is not the case but in order to observe the simple 
effects of applied P, this assumption is made. The soil test 
for P would be expected to reflect any additions of P in ad­
dition to that removed by the crop and any P that becomes 
available, as measured by the soil test, as a result of the 
application of the other fertilizer variables. Tables 7 and 8 
show the soil P levels originally and after the annual appli­
cations of P. The original soil P level was higher at the 
Clarion-Web s ter Farm than at the Agronomy Farm, although still 
in the so-called low category. 
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Table 7. Available soil P in the 0-6 inch depth after one, two 




Agronomy Farm Clarion-Webster Farm 
Original 1965 1966 1967 Original 1965 1966 
Lbs/A Lbs/A 
0 16.5 34.9 19.9 27.0 21.7 32.7 23.2 
75 12.8 52.3 68.1 80.2 16.8 48.4 73.6 
150 13.4 80.9 155.4 170.1 20.7 87.1 127.6 
225 15.4 107.6 164.1 203.4 18.1 130.0 168.8 
300 13.7 129.4 193.1 247.5 20.3 160.3 270.0 
375 15.4 173.8 265.5 301.3 18.5 175.9 317.8 
450 15.6 191.8 291.2 342.2 21.9 220.5 395.2 
Figure 2 shows the regression lines and equations for the 
soil test P on applied P. The rate of increase in the soil P 
level at the Agronomy Farm decreases with annual applications 
from 0.3629 pounds per acre of soil P per pound of applied P to 
0.2967 after two annual applications and to 0.2325 after three 
annual applications. At the Clarion-Webster Farm the rate of 
increase was 0.4245 pounds per acre of soil P per pound of 
applied P after the first application and 0.4159 after the 
second application. 
It is generally assumed that P does not move very far in 
the soil, although there is some evidence in the literature 
which indicates that movement becomes more extensive when P is 
Figure 2. Regression of soil P in the 0-6 inch depth on applied P after one, two, 
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added in amounts exceeding the so-called fixation capacity of 
the soil. In the fall of 1967 sampling at the Agronomy Farm 
site, the 6-9 inch depth was discarded and the 9-15 inch layer 
sampled for measuring the nutrient content of the zone just 
below the plow layer. The soil test P content of these samples 
are shown in Table 8. These values show that the soil test P 
level of this layer was increased seven fold by three annual 
applications of 450 pounds of P in the plow layer. Three appli­
cations of between 75 and 150 pounds were required to produce a 
measurable change in this 9-15 inch layer. The rate of increase 
as shown by the regression equation in Figure 3 was 0.0389 
pounds of available soil P per pound of applied P. 
It seems doubtful that much of the increase in P in the 
9-15 inch zone was due to physical mixing by plowing or other 
means since the P content of the check plots was practically 
the same as that for the initial sampling. Likewise it seems 
questionable that increased acidity from the higher N treatments 
was responsible for much change in P levels since a comparison 
of the 0-450-900 treatment with the 1200-450-900 treatment shows 
P values of 62.5 and 77.5 pounds per acre of soil P, respective­
ly. 
Potassium 
Application of K fertilizer to the soil is usually re­
flected in subsequent soil tests which measure exchangeable K 
in the soil. The soil test K levels for the 0-6 inch depth at 
50 
Table 8. Available soil P in the 9-15 inch depth after three 
annual application at the Agronomy Farm 
Lbs, P/A 




75 10.0 9.0 
150 9.4 18,6 
225 10.5 30.0 








450 9,9 56.2 
both sites are presented in Table 9. It is obvious from these 
values that K levels in the surface soil increased sharply from 
the added K, with the largest increase being approximately nine 
fold for three annual applications of 900 pounds of K per acre. 
The regression data for changes in soil test K in the 
surface soil with added K are shown in Figure 4. The rate of 
increase in soil K varied from 0.27 to 0,32 pounds per pound of 
applied K at the Agronomy Farm site, and from 0.33 to 0.40 at 
the Clarion-Webster site. 
When applied at moderate rates, movement of K in heavy 
soils is generally assumed to be limited. It has been observed 
to move more extensively in lighter textured soils and when 
applied at higher rates. Soil test K levels measured in the 
Figure 3. Regression of soil P in the 9-15 inch depth after three annual appli­
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Table 9. Available soil K in the 0-6 inch depth after one, two 




Agronomy Farm Clarion-Webster Farm 
Original 1965 1966 1967 Original 1965 1966 
Lbs/A Lbs/A 
0 114 131 89 93 94 126 92 
150 106 127 151 184 85 123 16^ 
300 108 164 236 307 94 184 
r 
247 
450 118 257 358 472 87 238 341 
600 105 285 459 608 91 283 540 
750 114 342 574 678 101 413 671 
900 117 390 632 828 90 367 781 
Table 10. Available soil K in the 9-15 inch depth after three 
annual applications of K at the Agronomy Farm 
Lbs. K/A 
applied annually Original 1967 
Lbs/A 
0 59.5 55.1 
150 66.5 70.6 
300 60.1 87.4 
450 58.8 119.7 
600 61.1 161.0 
750 63.4 153.9 
900 59.5 196.6 
Figure 4. Regression of soil K in the 0-6 inch depth on applied K after one, two, 
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Figure 5. Regression of soil K in the 9-15 inch depth on applied K after three 
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9-15 inch depth at the Agronomy Farm in the fall of 1967 are 
shown in Table 10. The K content of this layer increased from 
55 pounds in the check plot to 197 pounds in the plots which 
had received three annual applications of 900 pounds. This is 
a sizeable increase but is actually a lower percent increase 
than was observed with P. Figure 5 shows the regression line 
and equation for the subsoil K. The rate of increase in subsoil 
K after three annual applications was 0.0527 pounds per pound 
of applied K. 
Summary 
In summary, the rate of decline of pH was closely related 
to the pounds of N applied and in this study on the Clarion-
Webster soils the rate was 0.0004 to 0.0005 pH units per pound 
of applied N. 
Soil P and K increased as a result of P and K applied. 
The rate of increase in three of four cases declined with suc­
cessive applications. 
The P and K levels in the 9-15 inch depth were measured 
after three annual applications of P and K respectively at the 
Agronomy Farm. The rate of increase of soil P was 0.0389 pounds 
per pound of P applied to the surface and 0.0527 pounds of soil 
K per pound of K applied to the surface. It required three 
annual applications of 150 pounds of P per acre to the surface 
to increase the soil P in the 9-15 inch depth and three annual 
applications of 150 pounds of K to increase the soil K in the 
9-15 inch depth. 
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The Effect of Applied Fertilizer Variables 
on Leaf Composition 
Plant analysis has long been used to evaluate the fertility 
status of the soil upon which the plants were grown, the ef­
ficiency of nutrient utilization, nutrient balance and related 
problemso In the past twenty years, analyses of corn leaf 
samples has been widely used to evaluate the nutrient status of 
this crop. The leaf has been selected for this purpose because 
it is the center of active synthesis, and the leaf opposite and 
below the ear has been commonly used primarily because its 
position on the plant is easily recognized. The leaf samples 
are usually collected at about silking time before translocation 
of any nutrients to the ear has taken place. It is thought the 
nutrient levels in the leaves at that time reflect the potential 
available for translocation to the developing ear and for other 
metabolic activities of the plant. 
Much of the research involving corn leaf analysis has 
dealt with the establishment of optimum levels or ranges of N, 
P, and K in the leaf for maximum yields. Many of the routine 
determinations have been concerned with possible deficiencies 
of these elements. Largely for economic reasons less consider­
ation has been given to above optimum quantities of nutrients 
in plants and any beneficial or adverse effects which might 
result. It was hoped that this study might provide additional 
information regarding the effect of very high rates of fertili­
zation on the concentration of nutrients in corn leaves and to 
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relate the resulting levels to any effect upon growth and 
yields. 
The leaf composition data obtained in this study are pre­
sented in Appendix Tables A.12 through A.23, 
A multiple regression equation was used to estimate the 
effects of the applied variables on the dependent variable 
under investigation. The bg value in the equations represents 
an estimate of the particular variable being studied when no 
fertilizer was applied and can be compared with treatment 1 in 
the appropriate appendix tables. 
Leaf N 
The N content of the corn leaves sampled at silking and 
expressed as percent leaf N was affected by weather and ferti­
lizer variables. Weather, characterized by stress days, had a 
significant negative correlation on leaf N in five of the six 
site-years, the exception being 1966 at the Clarion-Webster 
Farm. 
The treatment effect and hybrid effect on leaf N was de­
termined by an analysis of variance for each site-year of data. 
The analysis of variance for each site-year is presented in 
Table 11. Over-all fertilizer treatment effects attained a 
probability of 0.01 in all six site-years. 
A significant replication effect was also noted. The 
replication effect at the Agronomy Farm was most likely due to 
a moisture differential resulting from the heterogeniety of the 
Table 11» Analysis of variance of percent leaf N for each site-year 
Mean squares 
Degrees Agronomy Farm Clarion-Webster Farm 
Source of variation 
of 
freedom 1965 1966 1965 1966 
Replication 1 .7080*** .2401*** .0056 .2416*** 
Treatment 30 1.2952*** 2.5176*** .4000*** 2.7778*** 
Hybrid 5 1.0494*** .7782*** .9980*** .9837*** 
Hybrid x treatment 150 .0102 .0341*** .0114 .0259*** 
Error 155 .0077 .0157 .0115 .0135 
Total 371 
1967 1967 
Replication 1 .0500 .0570 
Treatment 30 .3625*** .4931*** 
Error 30 .0140 .0268 
Total 61 
^^Significant at the .01 probability level. 
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soil but there was also a difference in the soil test levels of 
the replicates in the experimental area. At the Clarion-Webster 
Farm there was less heterogeneity in the experimental area. 
A multiple regression equation of the type 
9 % N = b  + b N + b P + b K + b  N P + b  N K + b  P K + b  
0 1 2 3 12 13 23 11 
was fitted to the percent N data for each site-year where N, P 
and K are expressed as 100 pound increments of the applied 
fertilizer element. Table 12 shows the partial regression 
coefficients, their significance level and the value. As 
might be expected the treatment effect was due mainly to 
applied N. A significant positive linear N effect was noted in 
all six site-years. The significant negative quadratic coef­
ficient of N indicates an increasing N content at a decreasing 
rate with high rates of N. 
A significant negative linear P effect occurred in four of 
the six site-years, indicating a decrease in leaf N with applied 
P. The P effects were of greater significance at the Agronomy 
Farm probably because the soil P level was lower than at the 
Clarion-Webster Farm. The positive quadratic P coefficients, 
although not significant, indicated a decreasing rate of de­
crease in leaf N with increasing P rates applied. Five of the 
six values were between .72 and .77 indicating that about 75 
percent of the variability in leaf N resulted from the applied 
fertilizer elements. 
The leaf N content reached 3.0 percent on the average over 
Table 12, Partial regression coefficients, their significance^ and the value 
for the regression of percent N in corn leaves on applied fertilizer 
variables 
Agronomy Farm Clarion-Webster Farm Van- ° _____ 
able 1965 1966 1967 1965 1966 1967 
^0 2 .57 2 ,37 2 .37 2 .57 2 .33 1 .92 
N + .2008*** + .3132*** + .2293*** + .0925*** + .3204*** + .3071*** 
P - .1471* - .1863* - .2009** - .0232 - .1914* + .0067 
K - .0504++ - .0896* - .0325 - .0248 - .0255 - .0105 
NP + .0025 + .0028 + .0033 - .0029+ - .0234 + .0005 
NK + .0026* + .0021 + .0012 + .0008 - .0010 - .0008 
PK + .0015 + .0036 + .0015 + .0030 + .0113* + .0022 
N2 
- .0136*** - .0212*** - .0135*** - .0047** — .0191*** - .0187*** 
p2 + .0220++ + .0301++ + .0277++ + .0031 + .0309++ - .0008 
+ .0025 + .0059+ + .0011 + .0010 + .00008 + .0004 
.74 .76 .77 . 56 .73 .72 
^Significance levels indicated below will be used for this and all succeeding 
tableso 
***Significant at the 0.01 probability level. 
^^Significant at the 0.05 probability level. 
^Significant at the 0.10 probability level. 
^^Significant at the 0.20 probability level. 
^Significant at the 0.30 probability level. 
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all hybrids with less than 300 pounds N per acre. Above 300 
pounds per acre, leaf N percentage continued to increase to 
about 3.25 percent N. The leaf N percents are listed in Ap­
pendix Tables A.12 through A.14. When averaged over all 
hybrids, the lowest leaf N percent was 1.25 with treatment 3 
(0-225-450) at the Agronomy Farm in 1966 and the highest was 
3.40 percent with treatments 27 and 28 (1200-0-0, 1200-0-900) 
at the Clarion-Webster Farm in 1966, Appendix Table A.14. 
The above values for leaf N do not include free NO^-N con­
tents. Frequently when the percent leaf N goes above 3.1 or 
3,2 percent N some researchers indicate that free nitrates may 
be present in the plant. Selected 1967 leaf samples taken at 
silking time were analyzed for NO^-N content. The percent NO3-N 
ranged from zero with no N applied to 0.085 percent with 1200 
pounds of N. There was very little difference in NOg-N content 
between hybrids. 
K effects upon leaf N percentage were of less significance. 
Linear K effects were negative, indicating a decrease in leaf N 
with K applications. The quadratic K coefficient were positive 
but were small. 
The analysis of variance in Table 11 indicated a signifi­
cant hybrid effect at both sites in 1965 and 1966. Since only 
two of the original six hybrids were grown in 1967, no attempt 
was made to statistically analyze them. Figures 6 and 7 show 
the relationship of percent leaf N to applied N for the indi­
vidual hybrids at the Agronomy and Clarion-Webster Farms, 
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respectively. In both figures, it is quite noticeable that 
those hybrids having Wf 9 as one parent were lower in percent 
leaf N than those hybrids which did not have Wf 9 as one parent. 
The difference in percent leaf N resulted largely from the first 
increment of applied N and higher rates of N created very little 
additional spread in percent leaf N. A check of the data in 
Appendix Tables A.12 through A.14 indicates that this trend was 
observed in all six site-years. . Caution must be taken in in­
terpreting these trends since these values are percent leaf N 
and not the total N absorbed by the plant. 
A partitioning of the hybrid sums of squares into indi­
vidual degree of freedom comparisons for the four inbreds indi­
cates that those hybrids with Wf 9 as one parent were signifi­
cantly lower, 0.01 probability level, in leaf N than those 
hybrids without Wf 9 as a parent. The Wf 9 x A 257 hybrid was 
significantly lower, 0.01 and 0.05 probability level, at the 
Agronomy and Clarion-Webster Farms, respectively, in leaf N 
than either Wf 9 x B 14 or Wf 9 x Oh 43. There was no signifi­
cant difference between these latter two hybrids. A 257 x B 14 
was significantly higher in leaf N than Oh 43 x B 14 or Oh 43 x 
A 257 and there was no significant difference between these 
latter two hybrids in leaf N. 
70 
Leaf P 
The P content of com leaves taken at silking time and 
expressed as percent leaf P was affected by the applied P; 
weather, only the first year; and available soil P. There was 
a significant positive correlation between leaf P and applied P 
in all site-years of data. The first year of the study, 1965, 
weather when characterized as stress days had a significant 
negative effect on leaf P. This probably resulted from, drying 
of the surface soil which limited P absorption for a period 
prior to sampling. In 1966 and 1967 available soil P had a 
significant positive effect on leaf P. The spread in levels of 
available soil P after the first year's application was re­
flected in leaf P content despite the effect of current appli­
cations . 
The treatment effects and the hybrid effects on the leaf P 
were determined by an analysis of variance for each site-year 
of data. The analysis of variance is presented in Table 13. 
The treatment effect and hybrid effect were significant at the 
0,01 probability level for all six site-years. A replication 
effect was also noted the first year at both locations and in 
1967 at the Clarion-Webster Farm. These replication effects 
were probably due to the difference in soil P levels and 
moisture effects. As previously explained in the section on 
leaf N, the hybrids were only evaluated in 1965 and 1966 and 
not in 1967. 
A multiple regression equation of the type 
Table 13» Analysis of variance of percent leaf P for each site-year 
Mean squares 
Degrees Agronomy Farm Clarion-Webster Farm 
Source of variation freedom 1965 1966 1965 1966 
Replication 1 .0230*** .0019 .1228*** .0003 
Treatment 30 .0421*** .0478*** .1675*** .0739*** 
Hybrid 5 ,0318*** .0503*** .1833*** .1560*** 
Hybrid x treatment 150 .0007*** .0009** .0045*** .0031*** 
Error 155 .0003 .0007 .0018 .0015 
Total 371 
1967 1967 
Replication 1 .0042 .0249** 
Treatment 30 .0277*** .0194*** 
Error 30 .0032 .0048 
Total 61 
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%P = bQ + b^N + bgP + b^K + b^^N^ + bggP^ + bggK^ + b^^NP 
+ + b^^PK 
was fitted to the percent P in the leaves for each site-year. 
The designation of the variables is the same as discussed under 
leaf No The partial regression coefficients, their significance 
2 
and the R values are presented in Table 14. The response was 
mainly to P but applied N exerted a strong positive effect upon 
P in five of the six site-year measurements. The bg values are 
estimates of the percent P in the leaves if no fertilizer had 
been applied and can be compared with treatment 1 of Appendix 
Tables A.15 through A.17. 
Linear N had a significant positive effect, 0.01 proba­
bility level, at both locations in 1965 and 1966. N may have 
had some physiological effect on the plants resulting in in­
creased P absorption, as has often been mentioned in the liter­
ature. The acidity resulting from the high N rates may have 
influenced availability of applied and soil P. 
Linear P had a significant effect at the 0.05 or 0.01 level 
in five of the six site-years. The 1967 data from the Clarion-
Webster site differed from the other results in that the linear 
effects of applied N and P were insignificant. K effects were 
small and diverse as were the interactions. However, there was 
a significant, 0.05 probability level, negative NK interaction 
in 1967 at the Agronomy Farm and a significant PK negative 
interaction at both farms in 1967. Quadratic N had a signifi­
cant negative effect, 0.01 probability level, in four of the 
9 Table 14. Partial regression coefficients, their significance and the R value for 
the regression of percent P in corn leaves on applied fertilizer vari­
ables 
Vari- Agronomy Farm Clarion-Webster Farm 
able 1965 1966 1967 1965 1966 1967 
"o 
.216 .263 .276 .246 .298 .335 
N +.0212*** +.0239*** +.0155* +.0376*** +.0294*** +.0019 
P +.0458*** +.0370** +.1077*** +.0710** +.0550** +.0031 
K -.0142* -.0067 -.0162++ +.0003 -.0114 +.0149 
NP +.0007+ -.0003 +.0017* +.0021* -.0004 +.0015+ 
NK +.0002 -.00004 -.0011** +.00004 +.0003 +.0008+ 
PK -.0015* -.0007 -.0040*** -.0020+ -.0014+ -.0042** 
-.0018*** -.0017*** -.0005 -.0033*** -.0023*** -.0006 
-.0039+ 
-.0002 -.0084* -.0039 -.0015 +.0120*** 
CM 
-.0013* +.0005 + .0025** -.00004 +.0011 -.0021++ 
R^ .70 .77 .82 .71 .67 .59 
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six site-years. Only in 1967 at the Clarion-Webster Farm did 
the quadratic P have a significant positive effect on leaf P. 
The values indicate that portion of the variability in 
leaf P that was accounted for by the applied fertilizer vari­
ables, and were found to range from 0.59 to 0.82 for individual 
site-years, 
A list of the leaf P data is presented in Appendix Tables 
A.15 through A. 17. Leaf P contents, averaged over hybrids, 
ranged from a low of 0.194% P (treatment 3, 0-225-450, Agronomy 
Farm, 1965) to a high of 0.85% P (treatment 30, 1200-450-0, 
Agronomy Farm, 1967). Treatment 2, (0-0-900), was the lowest 
or one of the lowest in percent leaf P in all years while 
treatment 8, (200-375-150), had the maximum percent leaf P for 
both sites in 1965 and 1966, Appendix Table A.17. In 1967, 
treatment 30 (1200-450-0) at the Agronomy Farm and treatment 4 
(0-450-0) at the Clarion-Webster Farm were the highest in per­
cent leaf P, respectively. 
The percent leaf P of the individual hybrids ranged from a 
low of 0.179% P (treatment 3, 0-225-450, Wf 9 x Oh 43, 1965, 
Appendix Table A. 15) to a high of 1.00% P (treatment 30, 
1200-450-0, A 257 x B 14, 1967, Appendix Table A.15). In both 
cases the low values would normally be considered to represent 
deficient levels while the high values are much higher than 
ordinarily found under field conditions. 
A plot of the percent leaf P in the individual hybrids 
versus the amount of P applied appears in Figures 8 and 9 for 
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the Agronomy and Clarion-Webster Farms, respectively. 
These figures show striking differences in the leaf P 
content of the different hybrids at all levels of applied P, 
with A 257 x B 14 standing out as having the highest content at 
both sites and Wf 9 x Oh 43 having the lowest. At the Agronomy 
Farm, Figure 8, those hybrids having Wf 9 as a common parent 
were significantly lower, 0.01 probability level, than those 
not having Wf 9 as a parent. Wf 9 x A 257 was significantly 
higher than the other two hybrids having Wf 9 in their parent­
age, Hybrids containing A 257 as a common parent were signifi­
cantly higher in leaf P compared to those not having this inbred 
in their parentage. 
The same trends with respect to leaf P content of indi­
vidual hybrids was observed at the Clarion-Webster site. The 
spread among hybrids was more variable with different levels of 
applied P at this site, with extremes ranging from approximately 
0.06% P at the 0 level of P to about 0.25% P at the 300- and 
375-pound P rates. Again hybrids with Wf 9 in their parentage 
were relatively low in P, indicating that Wf 9 is a low accumu­
lator of P as suggested by Baker and associates (1964). Hybrids 
containing A 257 as a parent were again relatively high in leaf 
P concentration. 
Leaf K 
The leaf K content of the leaves taken at silking time and 
recorded as percent leaf K was mainly influenced by applied K, 
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however, applied N, soil test K, and interactions of applied N 
and K, N and P, and P and K exerted lesser effects in one or 
more site years. In all six site-years applied K had a posi­
tive correlation with leaf K. Applied N had a positive corre­
lation with leaf K in 1967 at both sites. This effect may be 
associated with the reduced soil pH caused by the N rather than 
the direct effect of N. 
Soil test K, in the second and third year, was positively 
correlated with leaf K. The soil test, exchangeable K, was 
increased by previous applications of K and hence was of suf­
ficiently high magnitude to make a significant contribution to 
the K uptake of the plant. 
The analysis of variance of leaf K is presented in Table 
15. The significant treatment effect was evaluated by use of a 
multiple regression equation of the type 
%K = bp + bj^N + bgP + bgK + b^^N^ + bggP^ + bggK^ + b^gNP 
+ b^^NK + bgjPK 
for each site-year of data. The partial regression coefficients, 
their significance and the values are presented in Table 16. 
The response was primarily to linear K with diverse effects of 
N and P. The bg values agree very well with the leaf K values 
for treatment 1 in Appendix Table A.20. 
Linear K had a significant positive effect, 0.01 proba­
bility level, on leaf K in all site-years. The quadratic effect 
of K was significantly negative at each site-year, 0.01 proba­
bility level, thus indicating that high levels of applied K 
Table 15. Analysis of variance of percent leaf K for each site-year 
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2 Table 16. Partial regression coefficients, their significance and R value for the 
regression of percent K in corn leaves on applied fertilizer variables 
Vari­
ables 
Agronomy Farm Clarion-Webster Farm 
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increase Leaf K less per unit of applied K than lower levels of 
applied K, 
Linear N had a significant positive effect 0.01 proba­
bility level, at the Agronomy Farm in 1967 and quadratic N had 
a significant negative effect on leaf K. Low levels of N 
increased leaf K while increasing the N application caused in­
creased dry matter production and diluted the K content of the 
plant. There was a significant positive effect, 0.01 proba­
bility level, of NK at both locations in 1967 indicating that 
more response occurred to N or K at high levels of one or both 
of the factors. 
p 
The R values ranged from 0.71 to 0.83, indicating that 
applied fertilizer variables accounted for much of the varia­
bility in leaf K concentration. The analysis of variance, 
shown in Table 15, indicated that leaf K varied significantly 
with hybrids. Figures 10 and 11 show a plot of the leaf K 
against applied K for each hybrid. The hybrids do not show as 
distinct trends with respect to leaf K as they did for leaf N 
and leaf P. It can be seen from Figure 11 that those hybrids 
with Wf 9 as one parent were generally higher in leaf K than 
those without. A statistical analysis indicates that they were 
significantly higher, 0.01 probability level. 
On the average over all hybrids, the lowest level of leaf 
K occurred on treatment 15 (600-225-0) in five of the six site-
years. Those values were 1.47, 1.73, and 1.31 at the Agronomy 
Farm and 1.14, 1.31, and 1.02 at the Clarion-Webster Farm in 
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1965, 1966, and 1967, respectively. The highest value of leaf 
K was 3.08 on treatment 31 (1200-450-900) in 1967 at the 
Clarion-Webster Farm, Appendix Table A.20. Leaf K contents 
reached a maximum near 750 pounds K per acre when averaged over 
all hybrids and locations. 
Leaf G1 
The CI content of the leaves taken at silking time was 
measured and reported as percent leaf Gl. Although the CI con­
tent of the leaves was not of primary concern an interest was 
expressed in learning what levels of Gl did exist in the leaves 
when large quantities were applied as a constituent of the KCl 
fertilizer used. Various reports in the literature indicate 
that CI is absorbed in large amounts by plants and under some 
conditions may be harmful. 
The percentages of CI in the leaves averaged over all 
hybrids ranged from 0.196% Gl (treatment 15, 600-225-0, 
Agronomy Farm, 1965) to 1.41% Gl (treatment 5, 0-450-900, 
Agronomy Farm, 1965). The lower Gl contents occurred on those 
plots where N or N and P were applied without K, treatments 4, 
15, 27, and 30 in Appendix Table A.23. A comparison of 
treatments 4 and 30 indicates that with no applied Gl increasing 
N decreased the Gl content of the leaves. The same trend was 
also evident in comparisons of other treatments where Gl was 
constant and N or P varied. At low N, 200 or 400 pounds per 
acre, increasing P decreased Gl content while at high N, 1000 
pounds per acre, increasing P had diverse effects on Gl content 
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of the leaves. At the high N level, G1 percentages were ap­
parently more influenced by N than by P since P had little 
effect on CI content of the leaves. 
The individual hybrids responded differently in leaf G1 
composition. Those hybrids with Oh 43 as one parent were higher 
in leaf G1 than those hybrids without Oh 43, Appendix Tables 
A.21 and A.22. 
During the winter of 1967 leaf samples from the two hybrids 
grown in 1967 were sent to the Plant Analysis Laboratory, Ohio 
State University, Wooster, Ohio, for spectrographic analyses. 
No detailed statistical analyses were made on the results but 
the P and K analyses agreed well with results obtained by the 
author. One interesting trend occurred in the results. The 
leaf samples were below 10 ppm zinc with the medium rates of P 
and low N rates. This trend did not occur with medium rates of 
P and high rates of N. Most of the samples had zinc concen­
trations in the range of 15-40 ppm. 
Summary 
It is common knowledge that the leaf composition of com 
plants is closely related to the applied fertilizer variables. 
The variable being measured in the leaf is normally influenced 
most by its fertilizer counterpart. The results of this study 
indicated that leaf N was primarily a function of applied N 
with some negative effects of applied P and K. The quadratic 
applied N term was significantly negative in all site-years. 
Leaf P was primarily affected by applied P and N with diverse 
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effects of applied K, The leaf K content was primarily af­
fected by applied K. 
Maximum, levels of leaf N, and leaf K were attained with 
the applied rates of N and K, however, leaf P did not appear to 
reach a maximum. Leaf N reached a maximum at approximately 300 
pounds of applied N. Leaf K reached a maximum in the region 
between 600 and 750 pounds of applied K. Dry matter yields 
leveled off at about 400 pounds of applied N, 150 pounds of 
applied P, and 300 pounds of applied K, however, leaf P and 
leaf K continued to increase at rates of P and K above this. 
Some researchers suggest that nutrient absorption and 
accumulation in plants is genetically controlled. The results 
indicate that those hybrids which had Wf 9 as one parent were 
significantly lower in leaf N and leaf P but significantly 
higher in leaf K than those hybrids which did not have Wf 9 as 
one parent. Specific crosses of Wf 9 with the other inbreds 
produce hybrids which were significantly different in leaf 
nutrient content. In the case of leaf N, Wf 9 x A 257 is sig­
nificantly lower than either Wf 9 x B 14 or Wf 9 x Oh 43. 
In regards to leaf P, hybrids involving Wf 9 tended to be 
low while those with A 257 in the parentage were high. The 
A 257 X B 14 hybrid was very high, relative to the other 
hybrids, in leaf P at both sites in 1966. 
In regards to leaf K, there was not as definite a trend 
among the hybrids, however, those hybrids with Wf 9 as one 
parent were significantly higher in leaf K than those hybrids 
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without Wf 9 as a parent. 
Hybrids with Oh 43 as one parent were higher in leaf CI 
content than those hybrids without Oh 43 in the parentage. 
The Effect of Applied Fertilizer Variables 
on Grain Yield 
Corn yield responded by various degrees to applied N, P, 
and K. The yield response was greatest to N, whereas the 
effects of P and K were not consistent. The yields were af­
fected by soil, weather, fertilizer, and hybrid factors. Yields 
ranged from 29 bushel per acre (0-225-450, Oh 43 x A 257, 
Agronomy Farm, 1965) to 181 bushels per acre (200-37 5-150, 
A 257 X B 14, Agronomy Farm, 1966). Check yields averaged about 
85 bushels per acre when averaged over all hybrids, sites and 
years. The range in check yields was from 63 to 124 bushels 
per acre. 
Yields reached a maximum with the first or second increment 
of the fertilizer elements applied in all site-years. The 
maximum yields were attained with rates of N at 400 pounds per 
acre or less. The 400-300-300 fertilizer combination produced 
the most consistent highest yields averaged over all hybrids in 
all site-years at the Agronomy Farm. No one treatment at the 
Clarion-Webster Farm was consistently highest in yield. 
Since these experiments were hand planted and thinned to a 
constant population, 19,000 plants per acre, stand was not a 
covariate in the regression analysis. 
The hybrids grown were listed in the Methods and Procedures 
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section and since the same hybrids were grown at both sites as 
a part of the experimental treatments their contribution could 
be evaluated and will be discussed in a later section. 
The presence of treatment effects on yields for each site 
each year (site-years) was determined by a simple analysis of 
variance. The analysis of variance is presented in Table 17. 
Treatment effect attained a probability level of 0.01 in 
all site-years. This treatment effect was probably due to N 
mainly, as will be discussed in a later section. However, 
since P and K in the soil initially tested low at both sites, 
some of the treatment effect was undoubtedly due to these 
elements. 
A significant replication effect was noted in three of the 
six site-years. As previously mentioned this was likely due to 
variation in initial fertility and moisture holding capacity 
within the two acre sites. The Agronomy Farm site, in particu­
lar, varied considerably in soil texture and pH. 
The treatment sum of squares were partitioned into those 
effects due to regression of the applied fertilizer variables 
on yield and a residual sum of squares. This served two main 
purposes: to evaluate what portion of the treatment effects 
were due to the applied variables and what portion of the 
treatment effects were due to uncontrolled variables and inter­
actions of the applied variables with uncontrolled factors, and 
secondly if a comparison of statistical functions was to be 
made the residual sums of squares or lack of fit term could be 
Table 17. Analysis of variance of grain yields for each site-year 
Degrees Mean squares 
of 






































evaluated for each function used. Based on the significance of 
the residual term and the magnitude of the sums of squares one 
function could be found that fitted the data best. 
Using this as a basis of adequacy of fit of a function to 
the data, three statistical functions were fitted to the data 
for each site-year. The functions used were the quadratic, 
square root and logarithmic forms. These particular functions 
were used primarily because of successful use of them by other 
researchers in the past. Also, since the rates of fertilizer 
used in this study were higher than those used by researchers 
in the past it was not known in advance which function would 
best fit the data. 
Site-year analysis 
The quadratic function was used on each site-year of data 
first. This function included the linear, linear by linear, 
and quadratic terms of the applied variables in a regression 
equation on grain yields. The sum of squares due to regression 
was significant. The residual sums of squares was significant 
in 1966 and 1967 at both locations at the 0,01 probability 
level. The residual sums of squares for each site-year are 
presented in Table 18. 
The original quadratic terms were transformed into the 
square root terms and the logarithmic terms. The regressions 
of the square root terms and the logarithmic forms of the 
applied variables were run on grain yields. The regression sum 
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Table 18. Residual mean squares and their significance for the 
three statistical models tested at all site-years 
Site Quadratic Square root Logarithmic 
Agronomy Farm 
1965 214.3687 114.3303 116.2544 
1966 433.6151*** 263.0198 261.4192 
1967 1250.2842*** 1327.7779*** 564.3607** 
Clarion-Webster Farm 
1965 76.4062 72.2615 74.2489 
1966 470.9072*** 150.1283 142.6278 
1967 863.5846*** 1040.7119*** 346.8805 
of squares was significant at the 0.01 probability level for 
both functions at all site-years. 
For the square root function, the residual sums of squares 
was significant at the 0.01 probability level only in 1967, 
thus indicating that the square root terms accounted for more 
of the treatment sums of squares in both 1965 and 1966 at both 
locations than the quadratic function. 
In 1965 and 1966 there was little difference between the 
logarithmic and square root functions at the Agronomy Farm as 
evidenced by the residual mean squares. In 1965 at the Clarion-
Webster Farm all functions did equally well in accounting for the 
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treatment sums of squares. 
The logarithmic function accounted for more of the 
treatment sums of squares in all site-years and only in 1967 at 
the Agronomy Farm was the residual sums of squares significant. 
Thus the logarithmic function characterized the response 
surface better than either of the other functions. 
The regression sums of squares can be evaluated in terms 
of the regression coefficients as to the relative contribution 
of the applied variables to the significant regression sums of 
squares. The regression coefficients, their significance level 
and the values for each site-year using the logarithmic 
function are presented in Table 19. 
The response of grain yield was primarily due to N. The 
positive In N term reached a probability of 0.01 in five of the 
six site-years. The In was significantly negative in five 
of the six site-years, thus indicating less of an increase in 
yields per pound of N at high rates of N. 
The interactions were diverse in their effect on yields. 
A positive NP interaction was evident in all years at the 
Agronomy Farm with it reaching the 0.05 probability level in 
1965. This indicated that response to one of the nutrients was 
greater at higher levels of the other. 
In 1966 there was a significant positive NK interaction at 
the Agronomy Farm. The data in Appendix Table A.26 show that 
this is a positive response to N at high levels of K. Comparing 
treatment 3 (0-225-450) with treatment 16 (600-225-450) shows 
Table 19. Regression coefficients, their significance and the R^ value for grain 
yield at each site-year using the logarithmic function 
Agronomy Farm Clarion-Webster Farm 
Variable 1965 1966 1967 1965 1966 1967 
"o 
89.92 110.54 86.65 106.51 93.86 55.46 
In N 29.3442*** 49.6782*** 90.7958*** 8.7218++ 69.0563*** 91.7774*** 
In P - 4.7777 - 18.2318+ -30.5126++ 1.4127 -14.1089+ 3.7494 
In K - 2.5204 - 7,6440 7.8486 3.2535 - 4.3319 16.8861+ 
In N In P 6.2510** 5.0827* 6.6713++ .3512 1.8062 4.1964+ 
In N In K 3.3186* 4.7197** .6285 1.2534+ 1.3662 - 2.9235+ 
In P In K 2.2908 1.4250 - .1471 1.3518 7.3200*** 2.1544 
In -10.9881*** - 18.2991*** -34.8285*** -2.1451+ -21.2249*** -29.1804*** 
In - 2.8582 6.3616 15.7173++ -2.0561 3.8715 - 1.8537 
In - 1.8614 - 1.0966 - 7.1487+ -1.1159 - .5981 - 8.1153* 
.65 .63 .64 .47 .82 
00 
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that yields increase from 51 bushel per acre to 138 bushel per 
acre. Likewise, comparing treatment 5 (0-450-900) with 
treatment 31 (1200-450-900) shows that yields increase from 100 
bushels per acre to 132.3 bushels per acre. 
In 1966 at the Clarion-Webster Farm, there was a signifi­
cant positive PK interaction. This suggests less of a negative 
effect of P or K at high levels of the other factor. 
Combined site analysis 
A combine analysis of variance over sites within a par­
ticular year was used to measure the site and treatment x site 
effects. The combined analysis for 1965 is presented in Table 
20'. There was a significant site effect and treatment effect 
i 
but not a significant treatment x site effect, indicating that 
the sites were different ; that the treatments had a significant 
effect on grain yield but that the,treatments were reacting the 
same at both sites. 
The regression mean squares were determined using the 
quadratic function rather than the logarithmic function. The 
quadratic equation was used to maintain simplicity for plotting 
yield isoquants and comparing with other past research data. 
The combined analysis for 1966 is presented in Table 21. 
Similar conclusions can be drawn for these results as for those 
in Table 20 with the exception that the residual term is sig­
nificant indicating that the quadratic equation did not account 
for a significant portion of the variability in the yields. 
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Table 20. Combined analysis of variance for 1965 experiments 




























Table 21. Combined analysis of variance for 1966 experiments 





























The combined analysis for 1967 is presented in Table 22. 
Site effects were not different in 1967. The replicate effects 
were significant. Treatments were significant as were the 
regression and residual effects. In addition, the treatment x 
site interaction also was significant thus indicating that the 
treatments were reacting differently at the two sites. 
The grain yields were significantly affected by treatments 
in all three years. Multiple regression analyses were applied 
to the yields obtained for the combined sites to evaluate the 
applied treatment, effects. The regression coefficients, their 
significance level and the values are presented in Table 23. 
In general the yield response was primarily to N, as might be 
expected from the previous discussion of the site-year results. 
In 1965, there was an NP interaction which previous researchers 
have found in Iowa. In 1966, there was a PK interaction. 
These interactions were due mainly to the interactions at the 
individual sites which were previously discussed. The quad­
ratic N term was significantly negative in all years suggesting 
a smaller positive effect of N at high rates of N as compared 
to the lower N rates. The values are low, but as indicated 
this quadratic form of the regression equation did not explain 
as much of the variability as did the other regression 
equations. 
Using the yield equations in Table 23, yields were pre­
dicted at various combinations of N and P. Applied K was held 
at four levels 0, 300, 600, and 900 pounds per acre for 
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Table 22. Combined analysis of variance for 1967 experiments 




























Table 23» Regression coefficients, their significance level 
and R2 values for regression of fertilizer elements 
on grain yield combined over sites 
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comparative purposes. The results are presented in Figures 12 
through 14. It is obvious from Figure 12 that the maximum pre­
dicted yield was approximately 118-120 bushels, regardless of 
the K level. However, the combination of N and P required to 
produce this yield varied with the K rate. At zero pounds of 
K, the maximum predicted yield in 1965 required 640 pounds of N 
and 185 pounds of P, Figure 12A. A yield of 116 bushels could 
have been obtained with approximately 500 pounds of N alone. 
Increasing the K to 900 pounds, Figure 12D, shifted the required 
combination for maximum yield to 800 pounds of N and 240 pounds 
of P. 
The N had a quadratic effect with maximum response at 600 
to 800 pounds depending on the K applied. P had little effect 
on yields at low and extremely high levels of N. At the 600 to 
800 pound level of N, P had a quadratic effect. The actual 
measured maximum.yield was 124 bushels or 6 bushels more than 
the predicted value. This maximum yield occurred on treatment 
12 (400-300-300). 
In 1966, Figure 13, the N and P effects tended to be 
similar. However, the maximum yield was not predicted within 
the factor space used in the experiment. At zero K, 146 bushels 
per acre was predicted with N alone. Increasing the K to 600 
pounds resulted in a combination of N and P being necessary to 
reach the 146 bushels per acre yield. Yield of 158 bushels per 
acre could be attained at 900 pounds of K with combination of N 
between 550 and 960 pounds per acre with P between 37 5 and 450 
Figure 12. Isoquants of corn yields in 1965 combined over sites as affected by 
applied N and P at four levels of K, (A) 0 lbs/A K, (B) 300 lbs/A K, 
(G) 600 lbs/A K and (D) 900 lbs/A K 
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Figure 13, Isoquants of corn yields in 1966 combined over sites as affected by 
applied N and P at four levels of K, (A) 0 lbs/A K, (B) 300 lbs/A K, 
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Figure 14, Isoquants of corn yields in 1967 combined over sites as affected by 
applied N and P at four levels of K, (A) 0 lbs/A K, (B) 300 lbs/A K, 
(G) 600 lbs/A K and (D) 900 lbs/A K 
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pounds per acre. The actual maximum yield, averaged over all 
hybrids, was 148 bushels. The maximum yield occurred on the 
1000-375-150 treatment combination. 
In 1967, Figure 14, similar effects of N again occurred 
with N having a quadratic effect and producing a maximum pre­
dicted yield at 600 pounds N per acre. P had more effect at 
all levels of N than in the two previous years. There was no 
predicted maximum yield within the factor space used. Yields 
of 154 bushels per acre were predicted with N and P and zero K, 
Figure 14A, while increasing K to 900 pounds, Figure 14D, only 
146 bushels per acre maximum yields were predicted. The actual 
maximum yield measured was 147 bushels per acre. The maximum 
yield occurred on the 400-300-300 combination. 
Combined site-year analysis 
The combined site-year prediction equations are presented 
in Table 24. Although their values are not exceptionally 
high they could be used for prediction of maximum yields. The 
method of Schultz and Goggans (1961) described in the Methods 
and Procedures was used to develop these equations. The simple 
regressions were run and those regressions having a significant 
F level greater than 1.096 were possible potent variables, 
while in the second equation the F level used was 2.82. These 
F levels correspond to t-values of 0.30 and 0.10. The capital 
letters indicate applied variables in 100 pound increments, pH 
is the actual soil pH of the 0-6 inch increment; n, p, and k 
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Table 24. Combined site-year prediction equations for grain 
yields 
t = 1.04, probability level = .30 
Y = 103.3164 + 11.4807N - 11.7487K + .0556k - 1.1358SD 
+ .1218m - .8924n2 + .0031K^ + 1.1596KpH + .0058Kn 
+ .0004Np + .OOOSKp - .0097m (1) 
= .669 
t = 1.67, probability level = .10 
Y = 96.1205 + 11.5103N - 6.0186K + .0311n - 1.177480 - .8621N^ 
+ .9707KpH + .0006Np - .0021Kk 
r2 = .662 (2) 
are soil test levels in the 0-6 inch increment in pounds per 
acre; and SD is the number of stress days weighted according to 
the procedure described. 
In equation (1) linear N had a positive effect while quad­
ratic N had a negative effect, thus indicating a positive yield 
response to low rates of applied N but a smaller positive in­
crease in yields per pound of applied N at high levels of N. 
The effect of K was to decrease yields at low levels of K 
while the positive quadratic term indicates a decrease in the 
rate of yield decrease at high levels of K. Soil k had a 
Ill 
positive effect on yields while the Nk interaction was negative 
indicating less of a response to N at high levels of soil k. 
The interactions of K with pH, n and p indicate less of a 
decrease in yields at high soil pH values, high soil n and p 
levels due to applied K. 
The effect of the NK interaction indicates a continued in­
crease in yields due to N and less of a decrease in yields due 
to K. The Np interaction indicates more response to N at high 
soil p levels. 
The effect of stress days, SD, was to decrease yields. 
The occurrence of stress days during the period from planting 
to silking would decrease yields as found by Voss (1962) and 
Desselle (1967). They suggest that the stress days that occur 
just prior to silking have the greatest influence on yields. 
This stress is manifested not only in reduced moisture availa­
bility but also in reduced N effects since N is influenced by 
environmental factors such as soil moisture. 
Raising the significance level to t = 1.67 or a proba­
bility of 0.10, equation (2), deleted six variables from 
equation (1), those containing K or k. It included two new 
variables, soil n and Kk without any significant reduction in 
the value. The inclusion of soil n is not immediately 
comprehensible since the soil n test measures only the nitri­
fying capacity of the soil. There is a possibility that 
applied factors are influencing the number of microorganisms or 
their efficiency. This is suggested by comparison of treatments 
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1, 3, and 5 for grain yields and leaf N composition. Increasing 
P and K to 225 and 450 pounds per acre respectively decreased 
grain yields when compared to the check yields. This is 
reasonable in that an N deficiency would be accentuated by in­
creased rates of other variables. However, further increases 
in P and K to 450 and 900 pounds per acre increases yields when 
compared to the 225 and 450 pound rates and also increases leaf 
No 
The negative Kk interaction indicates less of a response 
to K at high levels of soil k or a substitution of k for K. 
Adverse effects 
It is plausible that the continuous application of high 
rates of fertilizer to soil could produce some adverse effects 
on yields of crops. Continued application of high rates of 
nitrogen as NH^NOg would be expected to lower the pH sufficient­
ly that yields would be adversely effected. This was observed 
as shown in Figure 15, which is a plot of the grain yields in 
1967 from both sites as affected after the third annual appli­
cations of N rates indicated. At the Agronomy Farm, yields 
decreased when more than 200 pounds N per acre was applied 
annually for three years. A check of Table 25, indicates that 
in 1967 at the Agronomy Farm the soil pH of those plots having 
received more than 200 pounds N per acre was below a pH of 6,0. 
At the Clarion-Webster Farm, it was not until three applications 
of 1000 pounds N per acre were applied that the pH dropped to 
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Table 25. Soil pH changes resulting from several fertility 
treatments employed in the study 
Annual fertility treatment 
N 0 200 400 600 800 1000 1200 
P 0 75 150 225 300 375 450 
K 0 150 300 450 600 750 900 
Agronomy Farm 
1965 6.79 6.26 6.51 6.88 6.61 6.66 7.34 
1966 6.70 6.16 5.96 6.41 5.83 5.98 6.46 
1967 6.71 6.05 5.73 5.87 4.93 5.09 5.85 
Clarion-Webster Farm 
1965 7.54 7.34 7.66 7.46 7.44 7.28 7.44 
1966 7.55 7.38 7.40 7.23 6.95 6.60 6.72 
1967 7.52 6.95 7.15 6.64 6.25 6.06 6.16 
near 6.0. The data points in Figure 15 also indicate that the 
yields drop considerably at the 1000 pounds N per acre level at 
the Clarion-Webster Farm. 
In addition to soil pH, soluble salts may have caused a 
yield depression. Although salt problems have been essentially 
non-existent in the Midwest with the exception of some alkali , 
areas, the application of high rates of fertilizer could create 
a salt problem. Figures 16 and 17 show the average yield of 
all hybrids for selected treatments at the Agronomy and 
Figure 16. Corn yields for selected treatments in 1965, 1966 and 1967 at the 
Agronomy Farm 
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Clarion-Webster Farms respectively. These curves have been 
drawn using the data points and are not regression surfaces. 
At the Agronomy Farm, Figure 16, there was a slight downtrend 
in the yields in 1966, In 1967, there was a considerable de­
crease in yields with increased fertilization above the first 
or second increment of N-P-K. A similar situation occurred at 
the Clarion-Webster Farm, Figure 17. 
In 1966, Figure 17, no downward trend was evident at the 
Clarion-Webster Farm as it was at the Agronomy Farm, however, 
in 1967 the downward trend did occur. The downward trend did 
not start until second or third increment of N-P-K was applied. 
Yields were not depressed as much as at the Agronomy Farm 
eithero 
It is logical to assume that much of the decline in yields 
was due to N but a comparison of the 1000-375-750 treatment 
yields in Figures 16 and 17 shows that the yields are lower 
than when 1000 pounds of N alone are applied. Figure 15. This 
suggests that something in addition to N depressed yields at 
high levels of fertilization. A comparison of treatments 23 
and 24 (1000-75-150 and 1000-75-750) and treatments 25 and 26 
(1000-375-150 and 1000-375-750) in Appendix Table A.26 suggest 
that K also affected the yields. If the yields are plotted 
against the pounds of salt (sum of the pounds per acre of N and 
K) as shown in Figure 18, the curves approximate the yield 
curves in Figures 16 and 17 for 1967 very well. The amount of 
applied P was not included in the pounds of salt since it did 
Figure 18, Corn yields in 1967 as affected by total pounds of salt applied (sum of 
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not change the shape of the curve but only shifted it hori­
zontally. This suggests that in addition to the high rates of 
N there is also a salt effect on yields. Figure 18 also 
suggests that when more than approximately 1000 pounds salt per 
acre were applied yields were adversely affected. 
Hybrid effects 
Corn breeders develop inbred lines of corn which are then 
tested against other inbred lines and hybrids containing these 
inbreds are evaluated for the inbred perfomance. The term 
general combining ability, GGA, is used to designate the average 
performance of an inbred in hybrid combinations. The term 
specific combining ability, SGA, is used to designate those 
cases in which certain combinations do relatively better or 
worse than would be expected on the basis of the average per­
formance of the inbreds involved. 
A partial analysis of variance of the yields is presented 
in Table 26. The hybrids accounted for a significant portion 
of the variability in the yields each site-year, 0.01 proba­
bility level. The GGA and SGA portions of the hybrid sums of 
squares was also highly significant in all site-years indicating 
that there was a significant difference in the GGA of the 
inbreds. The SGA portion was also highly significant, indi­
cating that the hybrids were reacting differently than expected 
based on the average performance of the inbreds. The data in 
Appendix Tables A.24 and A.25 indicate that those hybrids 
Table 26o Partial analysis of variance of the grain yields 
Source of 
variation 
Agronomy Farm Clarion-Webster Farm 



















































containing B 14 as an inbred were considerably higher yielding 
than the other hybrids. Figures 19 and 20 show that there was 
a 5-30 bushel advantage in favor of hybrids with B 14 as an 
inbred compared to those hybrids without B 14 as a parent. 
The SGA significance can also be seen in the figures, 
Wf 9 X A 257 is reacting different than the other hybrids having 
Wf 9 as a parent and A 257 x B 14 is reacting differently than 
the other hybrids having B 14 as a parent. 
The hybrid x treatment interaction was significant in 
three of the four site-years indicating that the hybrids reacted 
differently to treatments. The effect of the applied fertilizer 
variables on the hybrids can be evaluated in terms of the 
hybrid x regression interaction. A significant portion of the 
hybrid x treatment interaction was accounted for by the hybrid x 
regression interaction indicating that the applied variables 
were causing a majority of the variability in the hybrid x 
treatment effects. The term "regression" is used for the 
applied fertilizer variables. 
The hybrid x regression interaction can be further par­
titioned into the GGA x regression and SGA x regression terms 
which indicate the GCA and SGA response over all treatments. 
As shown in Table 26 the GGA x regression term is significant 
at the 0.01 probability level in three of the four site-years 
indicating that the general combining ability was effected 
differently by the different treatments. The SGA x regression 
interaction was significant only the second year at the 
Figure 19. Corn yields of the individual hybrids for selected treatments in 1966 
the Agronomy Farm 
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Figure 20„ Corn yields of the individual hybrids for selected treatments in 1966 at 
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Clarion-Webster Farm» The significant lack of fit term at the 
Agronomy Farm indicates that the hybrid x regression inter­
action did not account for all of the variability in the 
hybrid x treatment interaction term. 
Summary 
Yield levels were satisfactory during the three years of 
study with top yields approximating 180 bushels for individual 
hybrid and fertilizer treatments in 1966. A period of dry 
weather in midsummer of 1965 at the Agronomy Farm may have 
indirectly influenced fertilizer and hybrid effects by its 
influence on pollination and number of barren plants which re­
sulted. 
Analyses of variance of grain yields showed that they were 
significantly influenced by applied treatments at each site 
each year. Site-year treatment data were evaluated by multiple 
regression analyses using quadratic, square root, and loga­
rithmic functions. The latter function explained a slightly 
higher percentage of the yield variability. The regression 
coefficients indicated that N exerted by far the greatest 
effect of any of the applied variables. P and K influenced 
yields to a lesser extent. NP and NK interaction effects were 
significant in some of the site-year observations. 
Combined data over sites within years were examined by 
analyses of variance and multiple regression. A quadratic 
model was used for the latter analyses. Significant site and 
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treatment effects were observed but not significant site x 
treatment interactions. These analyses again showed that yield 
response was primarily due to applied N, However, the quanti­
ties of N and P required to produce maximum predicted yields 
varied with the quantity of K applied. 
Yield equations developed to describe all the data combined 
over years and sites showed N to be the major variable influ­
encing yields. Negative linear K, positive NK, and several N 
or K interactions with uncontrolled variables were also found 
to be significant terms. 
In general, most of the yield response was obtained with 
the first or second increment of applied fertilizer. Yields 
merely leveled off with the application of higher rates in 1965. 
At the Agronomy Farm site in 1966 and at both sites in 1967 
higher rates produced some yield decrease. Decreased soil pH 
from the added N and total salt accumulation were suggested as 
possible causes of the yield declines. 
The hybrids under study differed in both yield level and 
reaction to fertilizer treatments. Probably of most importance 
was the fact that hybrids containing B 14 as an inbred were 
consistently the top yielders. 
The Effect of Leaf Composition on Yields 
In previous sections, consideration has been given to the 
effects of the applied treatments upon leaf composition and 
yields. Another aspect of interest is the relationship between 
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the latter two. Leaf composition has correlated well with 
yields in previous studies involving conventional rates of 
fertilizer. In the following section the effect of leaf compo­
sition upon yields as observed in this study will be considered, 
A multiple regression equation of the type 
Y = b^ + b^N + b^P + b^K + bjgNP + b^^NK + bg PK + 
" "22^ ' " "33^ ' 
was used, where Y was the yield in bushels per acre; N, P, and 
K are the percentages of N, P, and K in the corn leaf below and 
opposite the ear at silking time. The partial regression coef­
ficients, their significance level and the values are 
presented in Table 27. The bg values have no practical meaning. 
A comparison of these values with those in Table 19 indicate 
that leaf composition did equally well in predicting the yields 
as did the applied fertilizer variables. 
Linear %N had a significant effect, 0.01 probability 
level, in five of the six site-years. The lower level of sig­
nificance the first year at the Agronomy Farm may have been due 
to the drought conditions during the growing season which 
tended to reduce the range of N contents in the leaves. Linear 
%P and %K were only significant in 1966 and 1967 at the Agronomy 
Farm. These elements produced small, inconsistent yield in­
creases, although both tended to accumulate in the leaves as a 
result of applied treatments. 
The quadratic terms of %N, %P and %K in the leaves, were 
2 Table 27o Partial regression coefficients, their significance, and R value for the 
regression of yield on percent N, P, and K in corn leaves 
Agronomy Farm Clarion-Webster Farm 
Vari- r : 
ables 1965 1966 1967 1965 1966 1967 
"o 
-
155.25 - 382.43 -645.73 -567.19 -150.88 -189.28 
%N + 115.85++ + 114.26** +357.65*** +352.15*** +130.49*** +132.99** 
%P + 62.64 + 613.42** +611.96*** +168.63 + 66.09 +138.06 
%K: + 49.18 +194.84** +144.21** +128.56++ + 33.01 + 60.16++ 
%N %P + 281.78** +189.36** + 69.88 - 4.72 + 64.93** + 59.23++ 
%N %K: + 17.42 + 4.88 + 2.59 - 28.57++ + 8.89 + 25.76** 
%P %K - 39.31 - 82.54+ -112.59** - 39.90++ - 7.73 - 20.12 
%N^ 
-
38.38** - 32.37*** - 72.43*** - 49.48*** - 26.46*** - 33.19** 
CM 
-1162.96*** -1214.24*** -535.89*** - 78.87++ -223.33** -212.05* 
- 19.77 - 39.69*** - 25.93** - 5.85 - 11.24 - 31.30*** 
R2 
.68 .83 .66 .57 .87 .80 
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all negative and with the exception of %K all were significant 
at least at the 0,05 probability level. This would indicate 
that exceptionally high levels of any one of the nutrients 
would increase yields less per percent N, P or K than the lower 
levels. 
To further investigate the association of grain yields and 
leaf composition, a linear correlation between grain yield and 
the percent N, P, and K in the leaves of the individual hybrids 
was made. Table 28 shows these correlation coefficients for 
each hybrid. The correlation between the grain yield and leaf 
N was significant for all hybrids in all site-years, thus indi­
cating that the leaf N levels were significantly related to 
yields. 
Leaf P was significantly correlated with yields in ten of 
twelve possible comparisons at the Agronomy Farm but in only 
four of twelve at the Clarion-Webster site. This trend agrees 
with the other data indicating that the Agronomy Farm site was 
more responsive to P. There seemed to be a tendency for hybrids 
containing A 257 in their parentage to show the poorest 
relationship between leaf P content and yields. These same 
hybrids were among the higher ones in percentage of P in the 
leaves. 
Leaf K concentrations and yields were not closely corre­
lated at the Agronomy Farm, Actually a slight negative 
relationship was observed with three of the hybrids in 1965, 
Leaf K was significantly correlated with yields in six of twelve 
Table 28. Correlation of grain yield with leaf N, P, and K percentages at silking 
Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
Site- X X X X X X 
year Leaf Oh 43 B 14 A 257 B 14 A 257 B 14 
Agronomy F arm 
1965 .6286*** .5743*** .3482*** .7248*** .6774*** .5062*** 
%P .5494*** .5585*** .1835 .4009*** .1947 .4469*** 
%K .0948 .1588 -.1030 .1577 -.1284 -.0667 
1966 %N .7265*** .6596*** .5970*** .8439*** .7687*** .7039*** 
%P .3092** .4516*** .6283*** .3746*** .3030** .4786*** 
%K .1607 .2253 .0912 .1434 .0567 .0426 
Clarion -Webster Farm 
1965 %N .3805*** .4093*** .3874*** .4881*** .4722*** .3073** 
%P .1604 .2214 .2457 .1903 -.0512 .1575 
%K: .0999 .3267** .07 50 .1800 .1390 .2838** 
1966 %N .6875*** .7156*** .8175*** .8366*** .8109*** .7697*** 
%p .5050*** .5317*** .2422 .3933*** .1826 .3565*** 
%K .3088** .3333** .0980 .2797** .1090 .3327** 
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comparisons at the Clarion-Webster site. Yields of hybrids 
containing A 257 as a component tended to be least affected by 
leaf K content and those containing B 14 were most closely 
related. 
It is evident that leaf composition was related to yields 
and would have had some prediction value, even with the rates 
of fertilizer employed in this study. In the relationships ob­
served distinction between cause and effect are not entirely 
possible. In general, concentration of nutrients in the leaves 
continued to increase with added fertilizer while yields leveled 
off or actually declined with higher rates. Consequently a 
poorer relationship existed with the higher treatments which 
reduced the over all coefficients obtained. 
Grain Composition as Affected 
by Fertilizer Variables 
Past research has shown that the chemical analyses of seeds 
or grain tends to vary less with soil fertility level than does 
the vegetative portion of plants. Grain samples from selected 
treatments were collected from the moisture samples taken in 
the field at harvest time for chemical analyses. The chemical 
analyses data are shown in Appendix Tables A.34 through A.37 
inclusive. 
The application of fertilizer N increased the leaf N to a 
maximum and then leveled off. However, in the grain analyses 
the N content of the grain continued to increase from approxi-
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mately 1.30 percent N on the check plots to approximately 1,75 
percent N with 600 pounds of N applied to a high of approxi­
mately 2.0 percent N with 1200 pounds N per acre. The hybrids 
differed in their grain N content. Those containing B 14 as an 
inbred line had higher grain N contents. The highest grain N 
content observed was 2.11 percent N for Wf 9 x B 14 at the 
Clarion-Webster Farm in 1967, Appendix Table A.37, treatment 29 
(1200-225-450). 
Leaf P continued to increase with increased levels of 
applied P. A comparison of treatments 14, 16, and 18 (0, 225, 
and 450 pounds of P with 600 pounds N and 450 pounds K) indi­
cates that grain P also increased with increased levels of 
applied P, Appendix Tables A.35 and A.37. Grain P ranged from 
extremes of 0.17 percent P to 0.60 percent P for individual 
measurements. The check plot grain P levels ranged from 0,21 
to 0.41 percent P. The application of N and K without P de­
creased the P level, followed by a rise with each added incre­
ment of P. Individual hybrids varied in grain P content, with 
hybrids containing B 14 as an inbred being consistently high. 
Leaf K levels reached a maximum and then leveled off with 
additional applied K. Grain K also increased with added K but 
not as consistently or as much percentage wise as N and P. In 
general, grain K decreased with the addition of N and P alone, 
but increased with added K when N and P were added in constant 
amounts. Grain K ranged from 0.26 to 0.58 percent K for indi­
vidual measurements with the exception of K being high in the 
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Wf 9 X B 14 samples in 1966, no distinct trend in K levels of 
the different hybrids was evident. 
In summary, it was observed that N, P, and K levels of the 
grain increased with added fertilizer. The small number of 
samples analyzed prevented the study of interactions. The grain 
from the different hybrids varied in composition, with those 
containing B 14 as an inbred being high in N and P content. 
These same hybrids were the highest yielders, suggesting that 
grain composition and yield might have correlated well. It is 
probable that analysis of additional grain samples would have 
been worthwhile. 
Additional Measurements 
It was stated earlier that measurements were made on plant 
height, days to silking and leaf weights but that these would 
not be discussed in detail. Because of the cost and time element 
they were not completely analyzed and are not discussed in 
detail, however, some general observations can be made. The 
data are presented in the Appendix Tables. 
Plant heights, made approximately 6 to 8 weeks after 
emergence, gave some indication of early season response to 
fertilizer. The data indicate that early growth differences 
mainly reflected response to P with a lesser response to N. 
Those hybrids with B 14 as a common parent were taller at the 
dates of measurement than those without B 14. Those hybrids 
having B 14 as a parent were also the highest yielding hybrids 
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indicating a possible relationship. A significant correlation 
between plant heights and yields was observed in all site-years. 
Likewise there was a significant correlation between plant 
height and leaf weight. 
Leaf weights taken at silking time showed a response mainly 
to N and P with little effect of K. Those hybrids having B 14 
as a common parent were heavier in weight than those without 
B 14o There also was a significant correlation between leaf 
weight and yield. The correlation between leaf weight and yield 
was better than between plant height and yield. 
The days from planting to silking provide an indication of 
rate of development and were mainly influenced by N and P, both 
decreasing the time to silking. K appeared to have either no 
affect or increased the time from planting to silking depending 
on the year, site and levels of N and P. 
Those hybrids having Oh 43 as a common parent silked in 
the shortest time after planting, however, this may reflect the 
maturity characteristic of the hybrid rather than any treatment 
effect. Those treatments that were unbalanced, having one or 
two elements not applied; required the longest period of time 
to silk. The unbalanced treatments delayed silking up to two 
weeks compared to plants receiving complete fertilizers. 
The lower yields of the unbalanced treatments were as­
sociated with this delayed silking date which increased the 
number of barren plants. Those hybrids having A 257 as a common 
parent had the highest number of barren plants when averaged 
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over all treatments while those hybrids having B 14 as a common 
parent were lowest in the nimber of barren plants. 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were to ascertain the effects 
of high rates of N, P, and K fertilizers on yields and plant 
composition of corn, on the responses of different hybrids and 
on the nutrient status of the soils. 
Two multi-rate N-P-K experiments were conducted in 1965, 
1966 and 1967 in the Clarion-Webster Soil Association area in 
Central Iowa. A split-plot design was used with the fertility 
levels being the main plots and the hybrids being the sub-plots. 
The fertility treatments were combinations of seven levels of 
N, P, and K with the highest rates of N, P, and K being 1200, 
450 and 900 pounds per acre on an elemental basis, respectively. 
The fertility treatment combinations were developed according 
to a central composite design and were applied to the same plots 
annually. 
The hybrids used were all possible crosses of Wf 9, Oh 43, 
B 14 and A 257. These six single-cross hybrids were grown in 
1965 and 1966, however, in 1967 only two of the six single 
crosses, Wf 9 x B 14 and A 257 x B 14 were grown. 
Measurements were made on the plant height six weeks after 
emergence, days from planting to silking, leaf weight at silking 
time, leaf composition at silking time, yields, grain compo­
sition and soil nutrient status. Only the leaf and grain compo­
sition, yields and soil test data were discussed in detail and 
the other data were presented in the Appendix Tables and used 
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only as supporting data when necessary. 
The initial fertility status was found by soil sampling 
each main plot at two depths, 0-6 inches and 6-12 inches. To 
measure the residual effect of the fertilizers, soil samples 
were taken from each main plot at the 0-6 inch depth each fall 
at harvest time but prior to application of fertilizer for the 
next season's crop. These samples were tested for pH, nitri-
fiable N, available P and exchangeable K. No difference in 
nitrifiable N was noted since this test measures only the con­
version of organic N to ammonium N. 
Soil pH closely reflected N effects, decreasing with 
increasing quantities of applied N. The rate of decrease of 
soil pH was 0.06 pH units per 100 pounds of N applied at the 
Agronomy Farm for the 0-6 inch depth. At the Clarion-Webster 
Farm the rate of decrease was 0.05 and 0.04 pH units per 100 
pounds of N applied for the 0-6 inch depth for the first and 
second applications of N. The rate of pH decrease of the 6-12 
inch soil depth was 0.02 pH units per 100 pounds of N applied 
at the Agronomy Farm. It required three annual applications of 
approximately 300 pounds of N to decrease the 6-12 inch depth 
soil pH at the Agronomy Farm. Soil pH values of the 0-6 inch 
depth decreased from 6.7 originally to 5.0 at the Agronomy 
Farm and from 7.6 to 6.4 at the Clarion-Webster Farm after 
three annual applications of 1200 pounds of N. Soil pH values 
of the 6-12 inch depth decreased from 6.7 originally to 6.1 at 
the Agronomy Farm. 
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The soil P values increased with applied P as anticipated. 
The rate of increase for the 0-6 inch depth at the Agronomy 
Farm was 36.29, 29.67, and 23.25 pounds of soil P per 100 pounds 
of applied P for the first, second and third annual application, 
respectively. For the Clarion-Webster Farm the rate of increase 
of the 0-6 inch depth was 42,45 and 41,59 pounds of soil P per 
100 pounds of applied P for the first and second annual appli­
cation, respectively. The P level of the 6-12 inch depth at 
the Agronomy Farm increased at the rate of 3,89 pounds of soil 
P per 100 pounds of surface applied P, 
The actual soil P levels of the 0-6 inch depth ranged from 
15 pounds originally to 342 pounds after three applications of 
450 pounds of P at the Agronomy Farm while at the Clarion-
Webster Farm the range was from 19 pounds originally to 395 
pounds after two annual applications of 450 pounds of P, The 
soil P levels of the 6-12 inch depth ranged from 9 pounds origi­
nally to 56 pounds after three annual applications of 450 pounds 
of P to the surface. 
The soil K level of the 0-6 inch depth at the Agronomy Farm 
increased at a rate of 31,62, 32,11, and 27,70 pounds of soil K 
per 100 pounds of applied K for the first, second and third 
annual applications, respectively. At the Clarion-Webster Farm 
the rate of increase was 33,33 and 40,09 pounds of soil K per 
100 pounds of applied K for the 0-6 inch depth. The 6-12 inch 
depth at the Agronomy Farm increased at the rate of 5.27 pounds 
of soil K per 100 pounds of surface applied K after three 
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applications. 
The soil K in the 0-6 inch depth ranged from 110 pounds 
initially to 828 pounds after three annual applications of 900 
pounds of K at the Agronomy Farm and from 90 pounds to 781 
pounds after two annual applications at the Clarion-Webster 
Farm. The 6-12 inch depth soil K level ranged from 60 pounds 
initially to 197 pounds after three annual applications of 900 
pounds of K to the surface. 
Plant analysis was used to evaluate the nutrient balance, 
efficiency of nutrient absorption and related problems. Leaf 
samples from the leaf below and opposite the primary ear were 
collected at silking time and analyzed for percent N, P, K, and 
CI. 
Leaf N was primarily influenced by applied N, however, 
applied P produced a small negative effect, while applied K had 
a still smaller negative effect. Most of the response in leaf 
N occurred with the first increment of applied N, 200 pounds, 
however, leaf N did continue to increase with higher rates of N 
but at a much decreased rate per pound of N applied. Leaf N 
ranged from 1.25% N (0-225-450, Agronomy Farm, 1966) to 3.40% N 
(1200-0-0, 1200-0-900, Clarion-Webster Farm, 1966) when averaged 
over all hybrids. Nitrate N contents of the leaves ranged from 
zero with no N applied to 0.085% N with 1200 pounds of N 
applied. 
Those hybrids having Wf 9 as one parent were significantly 
lower in leaf N than those without Wf 9. This difference in 
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leaf N, 0.3% N, occurred with the first increment of applied N 
and the difference remained constant over all levels of applied 
N. Using multiple regression techniques, about 75 percent of 
the variability in leaf N was accounted for by the applied 
fertilizer elements. 
Leaf P was affected most by applied P, however, applied N 
had a smaller but positive effect on leaf P. Applied K was 
diverse in its effect on leaf P. The leaf P content continued 
to increase with applied P. When averaged over all hybrids the 
range in leaf P was from 0.19% P (0-225-450, Agronomy Farm, 
1965) to 0.85% P (1200-450-0, Agronomy Farm, 1967). Treatment 
2, 0-0-900, was consistently lowest in leaf P while treatment 8, 
200-375-150, was highest four of the six site-years. 
The individual hybrids differed in leaf P content. Wf 9 x 
Oh 43 was lowest in leaf P, 0.18% P (0-225-450, 1965), while 
A 257 X B14 was highest in leaf P, 1.00% P (1200-450-0, 1967). 
Those hybrids having Wf 9 as a parent were significantly lower 
in leaf P than those without Wf 9 as a parent. Those hybrids 
with A 257 as a parent were significantly higher in leaf P than 
those without A 257 as a parent. The spread in leaf P among 
hybrids was more variable with different levels of applied P 
with the range in spread being 0.06% P at zero level of P to 
about 0.25% P at the 300-375 pound level of applied P. Using 
multiple regression techniques about 65-75 percent of the vari­
ability in leaf P was accounted for by the applied fertilizer 
elements. 
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Leaf K was affected most by applied K with applied P 
having a considerably smaller but negative effect and applied N 
being diverse in its effects on leaf K. In 1967 there was a 
significant positive NK interaction on leaf K at both sites and 
a significant positive PK interaction at the Agronomy Farm. 
The lowest leaf K level occurred from treatment 15 (600-225-
0) in five of the six site-years with the level being about 
1.40% K at the Agronomy Farm averaged over all years and hybrids 
and about 1.15% K at the Clarion-Webster Farm. The highest leaf 
K level was attained from treatment 31 (1200-450-900) in 1967 
at the Clarion-Webster Farm with a leaf K percent of 3.08, 
There was less of a distinct trend in leaf K with hybrids 
than for leaf P or leaf N. Those hybrids with Wf 9 as one 
parent were generally higher in leaf K than those without Wf 9 
as a parent. Using multiple regression techniques, about 80 
percent of the variability in leaf K was accounted for by the 
applied fertilizer variables. 
Leaf G1 content was not of primary concern but an interest 
was expressed in finding the range of leaf CI that was present 
in the leaves. The CI content ranged from 0.196% CI (600-225-
0, Agronomy Farm, 1965) to 1.41% CI (0-450-900, Agronomy Farm, 
1965). The lower CI contents occurred on those plots where N 
or N and P were applied without K. When the amount of CI 
applied as KCl was constant and N or P was increased the CI 
content of the leaves decreased. The individual hybrids reacted 
differently in absorbing CI with those hybrids having Oh 43 as 
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a common parent being higher in leaf CI than those without Oh 43 
as a parent. 
Grain samples were taken from selected treatments for 
chemical analysis in 1966 and 1967, Grain N content was influ­
enced primarily by applied N with the range being from 0.99% to 
2.11% N. The 0-225-450 treatment was consistently low in grain 
N content averaging about 1.00% N over all hybrids in both 
years. The highest grain N was attained with the 1200-225-450 
treatment combination consistently. 
The hybrids were different in the quantity of grain N they 
contained. Those hybrids having B 14 as a common parent were 
consistently higher in grain N than those without B 14 as a 
parent. Wf 9 x B 14 at the Clarion-Webster Farm in 1967 at­
tained 2.11% N with the 1200-225-450 treatment. The highest 
yielding hybrids also contained B 14 as a common parent. 
Grain P was affected primarily by applied P but applied N 
also had a positive effect. Grain P ranged from 0.17% P (600-
0-450, Oh 43 X A 257, Agronomy Farm, 1966) to 0.60% P (600-225-
\ 
900, A 257 X B 14, Agronomy Farm, 1967). Those hybrids having 
B 14 as a common parent Were higher in grain P than those not 
having B 14 as a parent. 
Grain K was less affected by the applied variables than 
either grain P or N. The range in grain K was from 0.26% K 
(600-225-0, A 257 x B 14, Agronomy Farm, 1967) to 0.58% K (600-
225-900, A 257 x B 14, Agronomy Farm, 1967). 
Grain yields responded in varying degrees to N, P, and K. 
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Yields reached a maximum with the first or second increments of 
the fertilizer variables applied in all site-years. Yields 
ranged from 39 bushels per acre (0-225-450, Agronomy Farm, 1967) 
to 160 bushels per acre (400-300-300, Agronomy Farm, 1967) when 
averaged over all hybrids grown. Check yields averaged about 
95 bushels per acre at both sites in 1965 and 1966. In 1967 
check yields were probably reduced by rootworm infestation 
resulting from unfavorable weather conditions for control of 
the rootworms. The treatment combination 400-300-300 produced 
the highest yield at the Agronomy Farm all three years while no 
one treatment consistently produced the highest yields at the 
Clarion-Webster Farm. 
Yields were primarily influenced by applied N with P and K 
having diverse effects. There were significant positive NP and 
NK interactions on yields at the Agronomy Farm in 1965 and 1966 
and a significant positive PK interaction at the Clarion-Webster 
Farm in 1966. Approximately 63 percent of the variability in 
yields was accounted for by the applied fertilizer variables at 
the Agronomy Farm in all three years. In 1965 at the Clarion-
Webster Farm only 47 percent of the variability was accounted 
for by the fertilizer variables while in 1966 and 1967 approxi­
mately 80 percent of the variability in yields was accounted 
for. 
Multiple regression techniques involving quadratic, square 
root, and logarithmic forms of the applied variables were used 
to describe the data for individual site years. All three forms 
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adequately described the responses in 1965 with the quadratic 
form being the least desirable. In 1966 the square root and 
the logarithmic functions adequately described the responses, 
while in 1967 the logarithmic function adequately described the 
responses. Adequacy of describing the response was based on 
the non-significance of the residual sum of squares remaining 
after accounting for that portion of the treatment sum of 
squares due to regression of the applied fertilizer variables 
on yield. 
A combined analysis over sites within each year was per­
formed using the quadratic model to maintain simplicity for 
plotting yield isoquants. In 1965 and 1966 the sites were sig­
nificantly different but 1967 they were not. In 1965 and 1966 
the treatment x site interaction was not significant while in 
1967 it was. 
Yield isoquants of the combined site-year data were plotted 
at all levels of N and P with K held at four levels, 0, 300, 
600 and 900 pounds per acre. In 1965, yields of 116 bushels 
per acre could be attained with N alone while it took both N 
and P to get maximum yields of 118 bushels at all levels of K. 
Increasing K shifted the level of N and P higher in order to 
attain the maximum yield. In 1965 the predicted combination 
for maximum yield was 640 pounds of N and 185 pounds of P. In 
1966 and 1967 the absolute maximum yield was not predicted in 
the factor space used. Yields of 146 bushel per acre could be 
attained with N alone in 1966 while in 1967 yields of 134 bushel 
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per acre were predicted with N alone. Combinations of N and P 
were necessary to obtain higher yields. 
A yield prediction equation based on all of the data was 
developed using the applied fertilizer variables, soil test data 
and stress days and selected interactions. Approximately 66 
percent of the variability in yields was accounted for with 
eight variables in the equation. Those variables having a posi­
tive effect were N, n, KpH and Np while K, SD, and Kk had 
negative effects. The capital letters are applied fertilizer 
elements with the exception of SD which denotes stress days and 
the lower case letters denote soil test variables. 
The hybrids responded differently to the applied fertilizer 
in terms of yields produced. Those hybrids having B 14 as a 
common parent were higher yielding than those without B 14. The 
sums of squares for hybrids were partitioned into general com­
bining ability (GGA) and specific combining ability effects 
(SGA) and both were found to account for significant portions 
of the hybrid sums of squares. 
The hybrid x treatment interaction was significant in three 
of the four possible instances. The hybrid x treatment sums of 
squares were partitioned in hybrids x regression effects and a 
lack of fit term. The lack of fit term was significant both 
years at the Agronomy Farm but not at the Clarion-Webster Farm, 
The hybrid x regression interaction was partitioned into GCA x 
regression and SGA x regression effects with the GGA x re­
gression interaction being significant in all possible cases 
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and the SGA x regression interaction significant in only one 
instance. 
Another aspect of interest was the relationship between 
leaf nutrient composition and yields. Using multiple regression 
techniques it was found that the linear N, P and K percentages 
in the leaves had positive effects on the yields in all site-
years while the %N %P and %N %K interactions had positive 
effects in five of the six site-years. The %P %K interaction 
and the %N2 , %P^ and %¥?" coefficients all had negative signs 
indicating less of a response in yield to high percentages of 
N, P, and K than to the lower percentages. 
A slightly larger portion of the variability in yields 
could be accounted for using the leaf composition as compared 
with using the applied fertilizer elements. At the Agronomy 
Farm the applied variables accounted for 63 percent of the 
variability while the leaf composition accounted for 70 percent 
or more. At the Clarion-Webster Farm the applied variables 
accounted for 80 percent the second and third year and the leaf 
composition accounted for 84 percent of the variability in 
yields. 
The study of yields and leaf N, P, and K showed significant 
linear correlations in all possible cases between yields and 
leaf N, in 10 of 12 possible cases between yields and leaf P at 
the Agronomy Farm and 4 of 12 cases at the Clarion-Webster Farm 
and no close correlation of yields with leaf K at the Agronomy 
Farm with 6 of 12 possible correlations between yields and leaf 
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K at the Clarion-Webster Farm. 
Any adverse effects from the continued use of high rates 
of fertilizer were considered. 
Yield depressions were associated with high rates of N 
after the second application at the Agronomy Farm but only when 
1000 pounds or more was applied. After three applications of 
more than 400 pounds of N, yields were reduced at the Agronomy 
Farm while it took three applications of 800 pounds of N at the 
Clarion-Webster Farm to reduce yields. The adverse effects of 
N were assumed to be related to the sharp reduction in soil pH 
resulting from the larger N applications. 
There was some evidence that yield depressions were 
affected by total fertilizer added rather than N rates alone. 
At intermediate rates of N, increasing K rates accentuated the 
yield reduction. In 1966 yields were reduced at treatment 
combinations above 600-225-450, N-P-K, at the Agronomy Farm but 
no reduction occurred at the Clarion-Webster Farm. In 1967 
considerable yield reductions occurred at both sites. Yields 
were reduced at rates of N-P-K over 400-150-300 at the Agronomy 
Farm and at rates above 600-225-450 at the Clarion-Webster Farm. 
These reductions were attributed to salt effects. 
Yield reductions were also caused by unbalanced fertilizer 
treatments. Those treatments not containing all three elements, 
N-P-K, produced lower yields in some instances than the control 
plots. This was attributed to unbalanced nutrition. 
From these results it can be concluded that there was very 
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little advantage to using the very high rates of fertilizer 
employed in this study. The first increment of applied N-P-K 
(200-75-150) produced most of the corn yield increase and this 
was not a profitable rate. Higher rates tended to decrease 
yields in the second and third year of study. These decreases 
were attributed to increased soil pH from the applied N, to 
salt effects, and in some cases to nutrient unbalance. Other 
factors may have contributed to these yield decreases. 
Levels of N, P, and K tended to accimulate in the plant 
leaves beyond the point at which yields ceased to respond to 
applied fertilizers. Despite this fact, an over-all correlation 
between leaf composition and yields was observed. 
The N and P content of corn grain was markedly increased 
by fertilization. Data from a limited number of grain sample 
analyses indicated that grain composition was better correlated 
with yields than was leaf composition. 
The hybrids under consideration not only differed in over­
all yield levels but in their response to applied fertilizer 
and in leaf composition. Hybrids containing certain inbreds as 
parents tended to differ with respect to yields and accumulation 
of individual nutrients in the leaves and grain. 
It seems probable that continued application of these 
fertilizer rates to the same plots in the future will accentuate 
the trends observed and possibly reveal other reactions not 
readily discernible with more conventional levels of fertility. 
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Table A.l Plant heights (centimeters) of all hybrids grown in 1965, 1966 
and 1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 











40.1 40.0 43.8 37. 8 39.9 39.2 39. 3 
38.4 38.2 39.3 36. 1 37.9 34.0 37. 8 
55.4 46.4 49.3 42. 1 48.3 45.8 50. 1 
49.8 62.1 55.3 54. 6 47.0 53.4 50. 9 
54.6 47.0 50.3 43. 2 49.2 47.8 52. 4 
50.6 46.7 58.4 39. 5 53.0 39.9 53. 6 
49.1 55.3 46.5 44. 1 53.6 52.5 52. 4 
62.4 57.6 62.3 50. 8 61.6 52.4 61. 0 
64.2 61.9 59.4 54. 1 52.3 59.9 61. 7 
56.3 54.7 56.8 49. 7 48.5 54.4 55. 0 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
June 17, 1965 
1 34.9 38.1 40.0 43.4 35.4 
2 34.0 35.6 40.8 41.1 36.4 
3 37.7 47.6 51.4 56.9 43.2 
4 52.2 41.5 67.1 60.4 57.2 
5 39.3 42.7 53.7 58.9 50.1 
49.6 53.9 59.3 42.4 
57.0 52.5 59.9 44.1 
59.2 62.2 68.6 49.4 
50.3 65.3 64.2 61.8 
53.7 60.5 60.9 54.3 
56.1 57.9 67.8 55.1 59.2 60.6 60.7 53.0 61.7 55.4 59.5 
58.8 61.4 67.9 57.8 59.4 62.7 61.3 55.9 57.5 56.0 60.6 
54.9 58.8 67.5 54.3 58.6 58.7 58.7 52.3 55.8 52.0 56.7 
39.0 32.8 51.2 31.6 38.0 35.3 45.3 32.4 39.3 33.5 40.6 
















16 51.3 53. 4 57.9 62.9 48. 9 57. 3 53.3 57.3 50.9 53.6 56. 4 
17 46.6 52. 9 55.7 63.2 60. 6 57. 4 59.0 52.2 51.4 53.0 58. 1 
18 47.9 59. 3 61.7 74.1 56. 4 62. 1 56.3 66.8 51.1 57.5 54. 9 
19 46.0 51. 7 50.9 62.8 52. 7 58. 9 52.7 58.3 46.3 54.5 47. 3 
20 44.6 50. 5 54.5 61.6 52. 0 58. 1 46.2 54.5 45.7 53.1 43. 1 
21 57.2 51. 6 53.6 62.6 60. 2 53. 5 57.4 55.6 53.3 45.8 50. 8 
22 43.9 52. 8 55.2 66.8 52. 1 56. 8 54.7 52.6 44.0 52.1 50. 6 
23 36.9 48. 5 52.3 61.2 48. 0 48. 7 44.1 52.9 45.9 47.5 46. 4 
24 46.0 50. 1 61.1 55.5 44. 1 45. 6 48.4 52.5 49.3 51.4 48. 6 
25 54.3 53. 6 70.9 60.3 61. 6 54. 0 61.6 54.7 52.1 52.2 56. 6 
26 46. 4 52.3 61.6 56. 6 59.3 53. 9 54.6 51.3 50.0 50.9 52.5 
27 31. 3 36.1 35.8 31. 3 29.7 32. 5 33.2 35.1 36.4 36.0 31.8 
28 31. 5 33.8 34.6 37. 0 34.3 32. 4 39.4 33.3 35.8 30.0 28.8 
29 46. 6 44.2 56.9 59. 5 52.3 51. 4 56.7 49.5 50.5 48.2 52.0 
30 49. 3 50.3 55.0 59. 4 47.5 56. 0 47.8 54.6 47.8 54.2 54.3 
31 56. 8 38.9 57.1 53. 0 51.6 50. 3 55.3 48.4 55.1 48.7 56.1 
164 
Table A.l (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
July 8, 1965 
1 133. 4 140. 1 140. 4 146.5 131. 7 136. 9 141. 5 148.8 132.7 137. 3 140.2 136.5 
2 127. 6 139. 1 140. 5 147.1 127. 1 141. 9 136. 0 146.0 130.7 143. 6 125.7 143.5 
3 155. 0 156. 5 173. 5 167.3 154. 3 164. 1 171. 1 160.4 151.1 152. 6 162.1 160.0 
4 159. 7 149. 6 179. 4 169.1 163. 9 154. 8 178. 1 171.1 158.6 154. 4 160.9 156.8 
5 156. 7 165. 9 176. 3 184.7 163. 5 172. 6 172. 3 176.3 149.6 165. 3 168.0 172.1 
6 158.3 169. 9 173. 6 179.0 158. 0 159. 6 168. 4 184.0 145. 7 172. 0 154.0 169.0 
7 163.0 166. 0 160. 7 183.5 149. 7 165. 0 175. 5 175.0 148. 6 167. 6 163.3 171.5 
8 174.3 177. 7 192. 0 187.9 166. 8 177. 2 190. 5 178.5 169. 2 175. 4 175.3 175.5 
9 176.6 169. 6 185. 7 181.9 178. 6 176. 0 189. 3 184.6 170. 7 170. 0 176.2 173.3 
10 164.2 183. 1 176. 1 187.9 164. 3 179. 5 171. 0 185.1 157. 6 163. 6 162.7 180.4 
11 164.8 171. 5 181. 0 184.9 160. 2 162. 8 181. 4 184.4 157. 1 168. 3 164.4 168.5 
12 170.5 188. 8 177. 5 196.0 164. 4 181. 4 180. 6 190.7 166. 2 179. 9 165.5 183.0 
13 179.4 190. 6 185. 1 193.8 170. 1 175. 5 192. 3 187.5 167. 7 173. 9 172.5 178.4 
14 109.5 140.6 119. 8 156.0 116. 0 135. 6 127. 3 154.2 112. 3 133. 2 120.6 138.3 
15 157.9 167. 3 167. 9 174.1 157. 8 164. 4 173. 6 178.9 155. 2 165. 8 161.6 167.4 
16 163. 6 177. 6 170. 9 187.8 156.5 171.4 169. 5 187. 1 157. 7 170. 6 165.2 171. 7 
17 147. 5 173. 0 157. 2 182.4 166.2 170.5 165. 9 178. 3 154. 4 171. 9 160.1 166. 2 
18 162. 4 176. 4 183. 4 185.7 173.2 171.7 181. 7 184. 4 164. 6 169. 6 170.8 169. 9 
19 161. 9 161. 8 162. 5 174.2 154.3 165.0 166. 1 172. 5 155. 0 159. 2 157.3 159. 3 
20 151. 2 162. 6 162. 7 176.8 159.0 166.7 163. 4 179. 7 152. 2 164. 8 148.1 161. 6 
21 168.9 171. 3 154.5 183. 9 167.5 165. 2 170. 6 180,6 160, 4 157.3 154.6 163. 7 
22 157.0 166. 0 169.9 173. 7 161.5 161. 9 160. 1 174.6 140. 9 169.9 161.0 153. 7 
23 143.9 152. 0 161.7 168. 4 148.4 143. 9 152. 1 154.3 152. 7 141.0 149.0 155. 3 
24 147.0 160. 1 156.0 163. 1 134.2 149. 7 146. 3 159.4 142. 9 150.3 138.7 138. 7 
25 160.3 159. 3 180.6 175. 9 165.1 150. 2 177. 1 170.0 158. 0 168.4 157.8 157. 2 
26 149.1 157.5 162.9 173. 2 157.1 150. 4 157. 7 160. 3 147.6 153. 5 154.3 145.4 
27 104.1 135.5 108.0 112. 1 99,4 113. 9 110. 1 123. 0 107.7 123. 3 101.4 107.7 
28 106.1 129.1 112.7 104. 1 106.4 94. 8 126. 4 98. 4 108.0 79. 6 94.9 98.1 
29 145.8 160.0 158.8 170. 8 149.9 157. 9 161. 8 165. 6 149.3 158. 3 144.4 162.0 
30 148.9 147.3 154.7 158, 4 142.0 145. 4 137. 8 152. 1 144.9 146. 9 147.2 143.4 
31 159,7 141.0 169.1 158, 5 164.1 148. 5 146. 0 164. 8 156.6 152. 4 152.0 145.6 
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Table A.1 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
June 23, 1966 
1 67.9 65.7 71.4 73.7 70.7 71. 4 68.3 70. 6 68.4 68.7 71.4 72. 4 
2 61.2 65.8 73.7 71.9 67.6 74. 9 64.8 69. 4 60.8 74.1 69.0 72. 4 
3 67.7 72.3 89.4 80.4 78.1 83. 2 79.3 67. 1 73.0 73.0 77.6 85. 5 
4 69.0 69.8 91.7 85.0 81.3 81. 8 77.7 78. 6 72.4 78.8 76.5 80. 9 
5 73.5 80.6 81.3 87.7 84.8 81. 4 74.4 81. 8 70.0 79.5 83.7 86. 2 
6 83. 9 77.2 88.7 93.2 87.6 87.3 86.4 90. 0 84.9 85.8 92.5 90. 0 
7 70. 0 89.3 87.8 95.1 89.3 90.7 79.0 85. 7 82.5 84.7 90.0 92. 8 
8 93. 6 87.5 104.4 101.7 103.0 101.3 95.0 88. 0 95.3 89.2 96.0 94. 9 
9 85. 6 90.1 102.1 108.6 107.2 100.4 97.2 100. 7 98.1 93.5 96.7 103. 1 
10 86. 4 95.3 96.4 99.0 96.0 94.5 89.2 94. 1 84.5 91.1 92.8 96. 9 
11 88.0 85.4 95.8 95.0 90.7 96. 9 88.7 91.8 81.3 84. 6 98.2 93.6 
12 84.2 94.9 104.6 102.8 98.9 100. 4 95.9 97.7 91.0 94. 1 97.3 101.8 
13 80.2 90.5 95.4 110.4 91.2 104. 0 88.7 101.7 94.5 100. 7 97.1 103.0 
14 55.8 71.0 67.1 76.6 56.8 76. 3 62.8 75.0 59.0 72. 1 64.1 78.5 
15 87.3 87.2 82.5 96.1 88.9 84. 6 86.4 83.8 82.2 83. 0 94.5 94.0 
16 83. 7 92.9 95.8 100.3 89.2 97.5 90.9 90.0 81.4 89. 5 94.1 96.8 
17 86. 8 83.0 100.8 107.2 96.2 95.0 95.2 93.1 90.3 90. 0 95.2 100.5 
18 92. 0 84.2 104.8 103.2 101.8 102.8 96.9 96.1 90.5 90. 9 96.7 97.8 
19 84. 9 82.7 97.9 100.9 86.9 92.3 91.5 91.9 85.3 85. 2 93.5 86.6 
20 81. 5 87.9 93.0 94.0 87.6 95.2 88.7 94.7 84.7 80. 2 94.7 91.9 
21 83.3 85.0 97.4 92.2 97.9 98.4 85.0 90. 8 90.2 88. 1 92.1 95. 2 
22 80.5 86.6 92.4 105.0 92.2 98.6 83.4 92. 8 80.1 89. 5 87.5 92. 7 
23 72.1 77.2 90.8 87.4 81.1 88.6 79.6 83. 7 79.7 80. 7 81.5 87. 5 
24 78.6 74.2 79.9 87.4 86.1 87.3 76.6 83. 2 67.7 86. 8 83.2 80. 6 
25 92.1 90.1 97.0 100.9 97.2 91.3 94.6 94. 0 85.6 91. 6 93.3 96. 6 
26 85. 4 81.2 98.3 94.5 95. 9 96.8 95.2 90.2 90.4 80.8 95.4 94.4 
27 49. 5 75.4 52.8 68.3 56. 3 65.5 59.9 63.8 44.5 78.8 50.5 63.7 
28 65. 2 49.1 79.9 57.8 82. 8 52.0 67.9 51.5 68.5 44.9 72.4 52.2 
29 88. 2 81.3 84.5 93.9 88. 1 89.4 75.0 83.3 86.7 79.7 89.4 87.1 
30 75. 2 77.4 87.3 99.7 84. 3 87.0 81.3 84.3 72.7 84.5 82.9 93.8 
31 86. 2 71.7 96.4 65.8 95. 4 81.3 90.7 73.6 85.6 69.5 94.3 89.5 
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Rep 1 Rep 2 Rep 1 Rep 2 
June 29, 1967 
1 75.0 78.0 75.9 75.1 
2 75.4 81.6 69.3 68.9 
3 79.0 76.6 75.8 71.3 
4 83.4 83.7 78.2 90.3 
5 78.4 86.9 80.4 81.7 
6 114.5 99.9 115.4 110.9 
7 93.6 103.8 97.1 103.6 
8 133.5 117.6 120.6 123.7 
9 105.4 115.7 113.0 118.8 
10 134.5 132.9 "^^132.6 129.1 
11 131.6 132.0 126.2 134.8 
12 132.6 132.6 126.5 124.1 
13 145.3 143.2 139.5 138.9 
14 77.1 113.3 78.6 103.8 
15 128.3 137.3 115.6 134.9 
16 133.1 147.3 131.5 137.8 
17 137.9 142.6 123.5 130.9 
18 150.0 142.5 133.3 136.2 
19 150.0 141.2 137.6 136.0 
20 143.4 138.9 135.5 138.7 
21 127.9 140.5 130.0 133.0 
22 143.4 148.4 131.8 138.6 
23 136.7 134.8 134.8 128.7 
24 134.6 144.6 125.0 136.4 
25 146.5 140.6 136.7 138.6 
26 150.7 139.8 126.8 136.4 
27 76.6 99.8 80.9 96.0 
28 98.8 75.4 92.3 79.6 
29 142.7 147.8 134.0 140,3 
30 132.2 136.1 120.4 124.4 
31 143.7 139.2 121.7 131.7 
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Table A.2 Plant heights (centimeters) of all hybrids grown in 1965, 1966 
and 1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
June 24, 1965 
1 63.7 54.4 64.2 61.1 65.8 56.2 62. 6 59.0 60.2 51.9 62.5 56.4 
2 57.6 56.1 70.4 58.1 67.3 56.6 66. 7 51.7 63.3 51.1 58.3 49.2 
3 56.6 60.5 71.4 64.2 63.9 60.4 66. 7 60.4 65.3 55.4 62.3 62.6 
4 56.7 60.2 59.7 63.7 63.4 58.9 59. 5 06.6 55.5 56.6 56.7 57.0 
5 68.5 63.2 71.1 69.3 69.4 68.8 68. 0 67.8 64.6 62.8 57.9 61.6 
6 74.9 66.8 74.6 68.4 74.7 67.8 75.2 73.7 76.2 66.6 70.3 67.3 
7 57.0 59.0 61.3 69.2 58.8 73.3 63.8 64.9 53.7 70.9 57.6 62.3 
8 71.9 70.3 81.0 70.3 74.7 65.8 74.3 72.0 69.1 64.5 72.8 60.0 
9 69.8 72.9 76.4 75.3 73.6 73.0 76.1 62.9 75.0 62.8 70.3 62.7 
10 68.1 77.5 69.7 77.9 70.0 79.1 68.9 79.1 62.9 73.9 69.2 74.0 
11 76.0 67. 5 82.4 87. 5 77.9 70.5 78.7 75.5 72.4 75.9 77.5 6611 
12 73.7 81. 2 82.7 80. 9 80.9 74.0 80.7 82.1 71.7 80.6 80.1 73.6 
13 77.7 71. 1 82.4 80. 7 81.9 75.1 73.9 79.3 72.9 70.9 68.2 71.5 
14 69.6 66. 6 73.7 75. 8 74.1 72.4 67.8 74.3 68.9 64.4 65.1 69.0 
15 68.0 56. 6 70.7 70. 2 68.4 60.1 65.8 62.2 65.4 67.8 69.3 67.3 
16 70. 8 64.9 74.7 74.3 78. 2 72.5 75.2 71.2 69.8 70.1 68.1 65.6 
17 71. 8 74.9 77.2 80.8 71. 0 77.5 74.5 75.4 71.7 70.2 67.8 68.3 
18 73. 6 71.2 79.6 71.6 74. 5 68.5 72.9 71.7 69.6 69.0 71.9 62.6 
19 61. 7 73.5 66.0 79.3 70. 1 76.2 63.2 79.0 62.3 70.3 68.3 77.1 
20 71. 6 74.4 80.7 82.2 78. 7 76.4 81.3 77.4 72.8 73.9 66.7 75.6 
21 75.2 68.4 83.1 74.8 82. 3 74.2 75.5 88.0 73. 8 66. 1 78.9 55.2 
22 75.0 80.2 79.8 89.6 75. 1 80.3 77.6 84.2 70. 6 76. 7 73.8 75.7 
23 59.7 64.1 77.8 73.1 69. 2 67.7 72.7 66.7 68. 3 58. 6 63.8 63.3 
24 74.6 76.6 82.7 '  84.0 78. 6 82.3 75.8 82.8 74. 3 75. 6 71.2 76.0 
25 73.0 62.8 78.7 78.5 76. 7 69.8 74.1 70.2 72. 2 62. 5 68.5 64.4 
26 78. 9 74.8 84. 2 84.2 83.1 82.0 78.2 80.0 74.7 72.7 80.2 72. 8 
27 60. 6 53.7 61. 4 54.7 59.6 55.8 60.6 49.2 54.6 49.6 60.3 52. 7 
28 67. 4 49.1 73. 7 60.6 69.5 58.6 77.0 55.9 66.6 55.3 66.1 56. 2 
29 76. 0 56.0 80. 0 65.3 75.8 61.4 73.9 65.3 68.5 57.6 68.2 58. 9 
30 68. 4 66.5 82. 3 79.3 75.4 75.4 72.7 69.6 69.0 66.1 71.2 73. 9 
31 77. 1 69.2 80. 9 68.9 76.8 71.8 73.6 74.0 73.6 66.3 73.5 67. 5 
Table A.2 (Continued) 
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Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
July 14, 1965 
1 157. 4 144.9 164. 5 154. 5 157. 8 146. 1 164. 4 156.2 152.6 144,4 156,7 148. 8 
2 159. 2 148.6 174. 9 156. 2 165. 3 137. 3 177. 1 138.8 166.1 140,4 161.3 141. 1 
3 145. 3 161.2 174. 5 166. 0 151. 4 153. 5 169. 6 161.0 167.1 146,1 156,1 162, 0 
4 142. 6 156.9 145. 4 158. 8 146. 4 149. 3 151. 5 160.8 141.9 147,9 144.9 153. 5 
5 162. 4 168.4 171. 3 175. 9 158. 6 169. 2 176. 1 180.4 167.3 165.2 164.0 168. 3 
6 182. 3 172.2 188. 8 178. 7 178. 9 168. 8 191. 9 195.1 178.1 169.6 183.7 180. 1 
7 160. 1 166.2 169. 9 183. 3 154. 7 179. 2 175. 9 183.4 154.3 177.4 163.4 172. 0 
8 175. 8 174.0 182. 7 179, 0 171. 2 171. 9 181. 0 183.9 172.8 171.5 176.5 170. 3 
9 171. 4 168.3 180. 7 169. 0 172. 9 168. 9 186. 6 168.3 177.0 157.6 173.5 167. 4 
10 168. 1 179.3 170.2 181. 8 163. 8 173. 2 174. 0 188,8 159.6 169.3 174,6 182. 8 
11 185. 1 170.9 194. 2 183. 8 182. 8 168. 7 199. 5 189.7 181.4 180.3 192,1 174. 8 
12 176. 4 190.6 184. 9 195. 5 176. 3 177. 0 190. 9 204.2 172.3 186.6 180.3 180. 1 
13 181. 0 165.8 183. 8 176. 4 174. 5 168. 5 180. 2 183.1 176.3 164.8 173.3 172. 1 
14 171. 9 163.9 182. 7 182. 7 174.5 170.5 184. 1 185.4 172.6 162.5 177.2 175. 8 
15 165. 8 154.3 169. 0 164. 9 165. 7 155. 8 166. 9 167.5 166.3 164.5 173.3 166. 9 
16 178. 4 174.9 184. 5 188. 2 179. 2 175. 3 189. 1 188.9 172.9 178.5 176.5 179. 8 
17 177.9 173.1 184. 4 180. 0 168. 2 173. 1 185. 2 176.2 173,2 177.8 173.0 169.6 
18 172. 5 176.4 184. 2 175. 7 174.4 164. 9 182. 4 183.0 171.5 175.4 177.8 169. 8 
19 169. 4 181.6 176. 9 189. 1 171. 2 181. 1 178. 4 191.4 166,9 177.3 180.0 187. 2 
20 181.6 167.9 191. 5 185. 8 181. 8 167. 1 196. 0 183.6 178,5 172.2 177.2 178. 8 
21 189. 3 170.0 190. 6 181. 2 180. 2 173. 3 192. 1 176.7 177,6 168.3 189.1 159. 7 
22 179. 0 180.6 190. 2 196. 7 173. 8 184. 1 187. 5 200,0 175,9 178.3 180.4 186. 2 
23 160. 4 164.9 182. 1 176. 9 169. 4 170. 6 184.6 172,7 171,5 156.7 169.5 162. 1 
24 180. 8 182.6 189. 0 194. 0 173. 7 183. 6 184. 1 197,5 179,7 175.0 180.5 185. 4 
25 178. 7 167.9 184.2 181. 7 178. 3 166. 5 184. 2 178,9 174,4 162.1 178.7 165,5 
26 188,3 185.2 198.1 193.8 181.0 181. 2 191.1 190.4 178.8 174. 1 191. 4 181.2 
27 154.6 141.8 164.3 142.4 158.2 138. 9 161.3 139,8 150.9 127. 9 151. 2 138.5 
28 171.1 147.4 179.7 171.1 164.5 153. 3 184.4 167,5 163.4 155. 6 165. 9 150.2 
29 181.7 156,9 185.8 165.1 177.0 158. 4 182,4 176,6 172.8 154. 9 180. 0 157.6 
30 169.5 165,9 179.6 182,9 172.8 173. 8 178,7 180,3 166.8 170. 1 170. 5 180.4 
31 181.8 165.3 188.6 165.3 181.0 164. 8 194.1 178.0 179.4 163. 4 179. 3 170.5 
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Table A.2 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B_14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
June 29, 1966 
1 88.1 81.6 97.5 91. 2 89.7 84. 5 91.8 81.8 93. 1 79.6 88.0 80. 2 
2 83.6 73.8 95.4 82. 3 97.9 81. 7 89.9 74.5 90. 5 72.7 92.8 71. 0 
3 88.6 84.4 106.8 82. 6 89.8 82. 9 96.3 84.3 97. 9 86.1 90.2 81. 7 
4 81.7 87.4 78.5 85. 4 83.3 89. 4 84.0 88.8 82. 7 81.6 87.4 82. 1 
5 100.1 95.3 111.5 93. 8 108.0 98. 1 102.9 89.2 102. 0 82.5 99.9 94. 1 
6 118.6 109.7 115.9 120. 1 119.5 112. 0 114.0 116.8 113. 7 108.3 109.9 109. 5 
7 115.0 101.4 117.6 108. 7 117.2 104. 1 113.6 103.6 105. 3 104.0 109.3 100. 1 
8 115.5 101.9 126.0 119. 8 120.2 110. 5 117.2 107.2 116. 5 106.7 117.5 103. 6 
9 115.9 113.4 124.4 125. 4 122.9 113. 3 116.9 113.9 113. 2 113.7 116.9 112. 8 
10 109.2 113.2 120.4 115. 5 114.7 115. 0 109.4 109.6 109. 0 113.1 106.6 106. 3 
11 118.6 99.8 128.4 113. 4 121.0 111. 4 116.5 113.1 116. 0 104.9 118.8 100. 5 
12 106.5 113.5 116.5 128. 1 117.1 120. 1 113.4 126.5 106. 6 117.5 111.4 117. 2 
13 113.4 116.6 115.6 123. 4 113.4 118. 7 114.3 120.6 110. 8 112.7 112.9 112. 3 
14 95.6 81.4 91.0 100.1 93.8 87. 8 100.5 84.1 81. 0 90.4 90.5 90. 7 
15 87.3 89.3 99.2 97. 2 107.9 98. 0 105.1 94.5 97. 0 91.9 105.1 85. 7 
16 110.5 97.7 119.6 116. 5 109.9 101. 8 110.4 105.3 108. 9 103.4 104.2 107. 8 
17 107.7 104.2 116.0 107. 9 114.1 107. 6 107.5 96.0 105. 2 100.8 106.6 105. 3 
18 102.3 105.8 117.5 104. 1 114.2 97. 6 111.1 107.1 108. 9 107.7 103.3 101.4 
19 98.6 107.5 106.8 106. 3 111.7 106, 2 97.2 111.6 100. 6 99.0 109.4 105. 3 
20 108.6 104.7 111.2 108. 9 111.9 103. 2 92.3 103.6 105. 9 106.5 108.0 104. 6 
21 107.3 89.3 111.7 117. 1 114.9 106. 8 112.9 108.1 105. 8 86.4 105.1 96. 5 
22 97.5 116.1 111.9 113. 0 101.3 103. 7 112.6 109.9 108. 8 109.6 108.7 99. 3 
23 95.4 82.9 83.3 85. 1 104.3 82. 2 80.3 85.7 95. 6 80.6 82.0 73. 9 
24 86.9 93.9 98.0 98. 5 102.1 100. 9 93.6 95.5 101. 8 93.6 83.6 97. 5 
25 100.9 97.1 112.0 97. 8 89.2 94.5 104.1 95.1 95. 4 96.2 93.0 100. 6 
26 107.8 101. 7 99.3 107. 1 106.7 98.2 108.0 89.1 100.6 90. 7 103. 7 94.6 
27 85.2 56. 1 80.6 66. 6 80.1 71.3 85.2 67.7 84.0 75. 9 61. 7 74.5 
28 74.1 65. 2 84.8 74. 4 88.7 75.7 71.7 70.0 73.4 73. 9 93. 9 67.6 
29 87.8 71. 7 93.7 85. 0 82.1 76.3 92.9 76.8 83.6 83. 6 90. 2 '74.8 
30 92.3 84. 9 98.8 90. 1 83.4 107.8 78.1 88.1 85.0 90. 7 74. 0 100.4 
31 104.0 81. 7 96.4 99. 6 100.7 86.4 95.6 98.7 93.4 79. 9 96. 0 89.0 
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Table A.3 Average plant heights (centimeters) for 1965, 1966 and 1967 at 
the Agronomy Farm, Ames, Iowa and the Clarion-Webster Farm, 
Kanawha, Iowa 
Agronomy Farm Clarion-Webster Farm 
Tmt. 1965 1966 1967 1965 1966 1967 
no. 6/17 7/8 6/23 6/29 6/24 7/14 6/29 7/5 
1 37.0 130.3 70.1 76,0 60.0 153.9 87,3 83.3 
2 37.5 137.4 68.4 73,8 58.9 155.5 83,8 75.3 
3 47.8 160.7 77.2 75.8 62.5 159.5 89,3 77.2 
4 54.3 163.0 78.6 84.0 59.0 150.0 84,4 75.6 
5 49.1 168.6 80,4 81.9 66.1 168.9 98.1 94.5 
6 49.0 166.0 87.3 110.2 71.4 180.7 114.0 133.1 
7 51.2 165.8 86,5 99.6 62.6 170.0 108.3 104.4 
8 58.1 179.1 95.8 123.9 70.6 175.9 113.5 129.1 
9 59.4 177.7 98.6 113.3 70.9 171.8 116,9 131.0 
10 54.3 173.0 93.0 132.3 72.5 173.8 111,8 139.8 
11 58.1 170.8 90.8 131.2 75.7 183.6 113,5 146.5 
12 59.8 178.7 97.0 129.0 78.5 184.6 116,2 141.8 
13 56.8 179.7 96.4 141,8 75.5 175.0 115.4 142.7 
14 37.5 130.3 67.9 93,2 70.1 175.3 90,6 129.5 
15 56.1 166,0 87.5 129,1 66.0 165.1 96,5 114.5 
16 54.9 171.3 91,9 138.0 71.3 180.5 108,0 143.5 
17 55.5 166.1 94,4 133.8 73.4 175.1 106,6 145.6 
18 59.0 174.5 96.5 140.6 71.4 175.7 106.7 143.4 
19 52.9 162.4 90.0 141.2 70.6 179.2 105.0 145.0 
20 51.4 162.4 89.5 139.2 76.0 130.2 105.8 147.3 
21 54.3 166.5 91.3 132.9 74.6 179.0 105.2 155.1 
22 52.9 162.5 90.1 140.6 78.2 184.4 107.7 153.7 
23 49.1 151.9 82.5 133.8 67,1 170.1 85.9 135.4 
24 49.6 148.9 80.9 135.2 77,9 183.8 95.5 146.7 
25 56.8 165.0 93.7 140.7 70.9 175,1 98.0 144.5 
26 53.5 155.7 91.5 138.5 78.8 186.2 100.6 153.3 
27 33.2 112.2 62.4 88.4 56.1 147.5 74.1 113.6 
28 33.5 104.9 62.0 86.6 63.0 164.5 76.1 123.8 
29 51.8 157.0 85.5 141.2 67.2 170.8 83.2 131.1 
30 52.5 147.4 84.2 128.3 72.5 174.3 89.5 133.8 
31 51.6 154.9 83.3 134.1 72.8 176.0 93.4 143.6 
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Table A.4 Stress dates in 1965, 1966 and 1967 at the Agronomy Farm, Ames, 
Iowa 
1965 1966 1967 
July 14 July 5 July 19 
15 10 21 
16 11 22 
17 12 23 
22 13 24 
23 17 26 
24 18 29 
25 19 
26 20 August 4 
27 21 5 
28 22 9 
24 12 
August 2 25 15 
3 28 16 
4 17 
5 August 2 18 
6 3 19 













Table A.5 Stress dates in 1965, 1966 and 1967 at the Clarion-Webster Farm, 
Kanawha, Iowa 
1965 1966 1967 
July 22 July 11 July 22 
23 12 23 
24 19 24 
28 20 25 
30 21 27 
25 28 
August 5 29 
6 August 3 30 
9 17 31 
11 











Table A.6 Days from planting until silking for all hybrids grown in 1965, 
1966, and 1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
Planted May 14, 1965 
1 76 79 82 84 83 84 85 84 83 84 87 83 
2 88 79 83 88 92 85 88 95 88 90 88 89 
3 80 78 81 83 90 88 91 95 99 94 91 89 
4 74 76 74 80 85 83 79 90 90 87 79 81 
5 83 76 81 80 86 88 90 85 96 91 92 82 
6 76 74 77 79 84 94 77 76 82 79 83 81 
7 74 74 78 74 82 91 74 79 79 79 78 79 
8 74 72 75 74 86 79 74 75 76 77 78 79 
9 74 73 76 74 79 99 74 76 76 77 76 79 
10 74 73 76 77 87 84 83 74 90 79 79 81 
11 73 72 75 75 80 84 75 80 77 74 78 79 
12 70 71 76 74 80 83 74 76 75 76 76 78 
13 74 72 76 74 88 79 77 74 77 74 79 76 
14 87 76 88 79 88 85 86 79 89 81 89 84 
15 71 72 74 74 76 78 74 74 74 72 76 76 
16 74 73 78 77 80 89 77 78 83 78 77 78 
17 77 72 79 76 81 85 76 74 77 74 77 78 
18 79 70 75 74 90 85 74 73 76 74 80 76 
19 74 71 79 74 83 80 74 74 76 73 79 84 
20 75 84 78 76 81 79 78 76 77 77 82 81 
21 71 74 79 76 79 76 74 77 76 80 84 83 
22 74 73 78 75 89 79 75 79 79 87 79 79 
23 81 73 79 75 92 83 79 78 76 77 82 77 
24 74 74 77 76 86 83 77 79 77 77 82 85 
25 72 74 74 76 75 89 74 80 76 77 76 79 
26 76 73 76 77 83 90 78 80 76 76 81 81 
27 84 81 90 87 89 86 87 85 84 82 89 86 
28 87 84 87 93 88 93 84 89 88 99 95 92 
29 76 74 79 76 85 79 78 77 77 76 79 78 
30 73 73 78 76 80 86 86 77 75 76 78 79 
31 71 77 74 81 80 79 74 78 74 76 78 79 
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Table A.6 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
Planted April 29, 1966 
1 85 87 90 93 88 91 93 93 88 90 92 92 
2 90 89 94 97 105 93 104 101 104 90 102 99 
3 87 87 94 97 105 96 104 111 104 103 101 100 
4 85 87 88 91 90 92 91 95 90 87 94 90 
5 87 83 95 90 90 90 106 96 96 94 101 95 
6 81 85 87 88 87 89 86 87 84 86 89 89 
7 86 83 87 86 85 89 87 88 84 86 87 89 
8 81 81 86 86 83 86 85 86 81 84 87 88 
9 82 82 85 84 84 87 85 84 80 85 87 87 
10 83 80 87 86 87 87 87 85 87 83 88 87 
11 81 84 87 86 89 92 87 86 86 87 88 87 
12 85 81 85 86 85 87 85 85 82 82 87 86 
13 83 82 88 85 88 87 86 86 83 81 87 87 
14 92 84 94 91 95 91 90 89 94 89 95 91 
15 79 81 87 86 86 87 85 86 83 81 85 87 
16 83 82 87 87 88 88 86 85 87 82 87 88 
17 83 83 86 87 87 87 86 86 85 86 87 86 
18 81 81 86 86 85 87 83 85 83 83 87 88 
19 82 83 86 86 87 87 85 87 85 84 87 88 
20 83 82 87 87 89 86 86 87 84 87 87 90 
21 82 82 86 87 85 84 86 84 81 83 87 87 
22 84 82 88 86 86 84 86 86 86 84 89 87 
23 87 89 89 87 92 86 87 88 86 85 90 87 
24 86 86 90 90 89 88 90 89 89 84 91 89 
25 80 82 86 86 86 88 82 86 85 81 88 87 
26 82 83 87 88 87 86 86 86 83 85 85 87 
27 102 86 101 96 96 96 93 95 96 90 101 94 
28 92 94 90 100 93 106 100 113 93 101 95 104 
29 85 84 89 88 89 86 86 87 87 86 88 89 
30 84 84 88 87 89 89 85 86 87 85 86 88 
31 81 86 87 94 86 88 85 91 83 88 86 89 
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Rep 1 Rep 2 
Planted May 2, 1967 
1 97 95 98 98 
2 98 97 102 99 
3 99 99 104 104 
4 97 95 99 98 
5 98 95 98 99 
6 89 90 89 90 
7 90 89 92 90 
8 87 87 87 88 
9 90 89 89 90 
10 91 86 90 87 
11 89 88 90 89 
12 86 87 87 87 
13 87 87 90 87 
14 97 89 98 90 
15 87 87 87 87 
16 88 87 88 88 
17 88 89 90 90 
18 87 87 87 87 
19 87 87 87 89 
20 87 88 87 87 
21 87 86 87 87 
22 90 87 90 87 
23 89 88 89 87 
24 92 90 92 88 
25 87 87 89 87 
26 87 90 90 92 
27 98 92 99 93 
28 93 99 93 99 
29 88 87 90 86 
30 88 90 90 90 
31 87 87 90 87 
177 
Table A.7 Days from planting until silking for all hybrids grown in 1965, 
1966, and 1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
Planted May 18, 1965 
1 78 82 84 85 84 87 84 84 82 85 86 87 
2 80 83 82 86 84 91 82 93 84 88 86 94 
3 81 81 82 86 86 88 85 86 84 86 88 86 
4 82 78 86 85 85 86 87 86 86 86 87 88 
5 80 80 83 85 85 86 84 84 83 82 86 87 
6 77 78 82 82 82 85 81 81 81 80 84 86 
7 82 82 86 82 86 84 84 85 86 81 86 86 
8 77 77 82 84 84 86 82 81 82 85 85 88 
9 78 79 82 85 85 85 82 85 83 85 86 86 
10 78 78 85 82 85 84 82 81 85 83 85 85 
11 77 81 81 85 82 86 81 84 79 83 84 86 
12 78 77 81 81 82 85 80 83 81 82 82 85 
13 78 81 82 81 84 85 82 82 82 82 86 85 
14 77 78 82 82 81 82 82 82 80 82 85 85 
15 77 78 83 82 84 85 81 81 81 80 85 82 
16 78 80 83 82 84 85 82 82 82 82 85 86 
17 78 81 82 85 85 83 81 82 82 85 85 85 
18 77 78 82 84 85 87 82 85 82 82 85 86 
19 79 77 85 81 83 83 82 82 82 82 86 85 
20 76 80 81 82 82 83 79 81 79 82 86 84 
21 77 78 81 83 82 85 81 82 79 82 84 88 
22 78 77 82 81 82 81 80 82 82 81 84 82 
23 78 77 82 81 82 82 82 82 81 81 86 86 
24 77 77 82 81 81 82 80 80 80 79 84 83 
25 77 81 81 81 85 80 82 81 85 84 86 84 
26 76 78 81 81 82 82 78 81 77 81 82 85 
27 77 81 83 86 84 85 82 88 82 85 85 86 
28 78 82 81 85 82 86 79 86 79 84 85 86 
29 77 81 81 85 82 86 79 82 81 85 85 86 
30 77 78 81 81 82 82 78 81 78 81 82 84 
31 77 78 81 85 82 83 78 82 79 82 83 85 
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Table A.7 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
Planted May 6, 1966 
1 82 84 86 87 89 91 87 91 86 91 89 91 
2 87 90 89 95 89 96 92 105 89 97 92 98 
3 84 86 87 93 90 100 99 106 89 100 94 96 
4 84 82 90 90 93 89 103 90 88 89 94 92 
5 81 83 86 89 89 90 96 106 89 97 89 90 
6 76 80 84 83 81 84 81 82 81 82 84 85 
7 80 82 84 85 84 85 81 84 83 82 84 87 
8 79 83 82 84 83 84 80 84 81 84 84 88 
9 80 81 83 83 83 85 82 84 84 82 84 85 
10 80 80 81 84 83 84 81 80 80 81 84 84 
11 76 81 80 85 83 85 81 81 81 84 83 85 
12 80 78 82 81 82 85 81 81 81 81 85 81 
13 80 79 83 83 82 83 81 80 81 81 84 84 
14 81 84 88 87 85 89 81 89 87 85 87 88 
15 81 82 83 85 83 85 81 83 81 82 84 89 
16 80 83 83 84 83 85 81 83 81 83 83 85 
17 81 82 84 83 85 82 84 82 85 84 85 84 
18 81 81 84 84 84 89 83 83 81 82 84 87 
19 81 80 84 84 84 85 83 82 81 82 84 84 
20 80 79 85 84 84 85 85 83 81 82 84 84 
21 80 82 83 84 80 84 80 82 80 83 84 85 
22 81 72 84 84 84 84 80 81 81 80 83 86 
23 81 82 99 89 84 89 99 85 81 85 88 90 
24 81 81 85 87 84 84 83 84 83 85 90 86 
25 80 81 83 85 87 87 82 82 82 82 88 84 
26 79 81 84 84 83 87 81 86 81 84 83 85 
27 81 90 99 101 88 91 84 90 83 87 96 93 
28 87 90 89 92 86 89 88 90 91 87 85 94 
29 81 87 88 95 89 90 81 89 84 86 84 91 
30 81 82 84 85 87 84 84 83 82 83 95 85 
31 80 84 85 84 84 85 83 84 81 84 86 88 
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Rep 1 Rep 2 
Planted May 5, 1967 
1 95 99 98 100 
2 97 101 99 101 
3 97 101 100 101 
4 100 100 101 100 
5 96 97 98 100 
6 87 89 88 89 
7 95 90 96 90 
8 87 89 89 89 
9 89 88 89 89 
10 88 87 88 87 
11 87 87 88 89 
12 87 87 88 88 
13 87 87 88 87 
14 88 90 89 92 
15 88 98 88 90 
16 88 88 87 88 
17 87 88 88 89 
18 87 87 87 89 
19 88 87 89 87 
20 87 87 87 88 
21 87 87 87 88 
22 88 87 87 87 
23 87 89 87 89 
24 89 89 93 92 
25 87 87 87 88 
26 87 89 87 92 
27 89 97 89 96 
28 89 93 92 97 
29 89 88 94 89 
30 87 87 87 87 
31 88 87 89 89 
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Table A,8 Average days from planting until silking in 1965, 1966 and 1967 
at the Agronomy Farm, Ames, Iowa and Clarion-Webster Farm, 
Kanawha, Iowa 
Tmt. Agronomy Farm Clarion-Webster Farm 
no. 1965 1966 1967 1965 1966 1967 
Planted 5/14 4/29 5/2 5/18 5/6 5/5 
1 83 90 97 84 88 98 
2 88 97 100 86 93 100 
3 88 98 102 85 94 100 
4 81 90 98 85 90 101 
5 86 94 98 84 90 98 
6 80 86 90 82 82 89 
7 78 86 91 85 83 93 
8 77 84 88 83 83 89 
9 78 84 90 83 83 89 
10 80 86 89 83 82 88 
11 77 87 90 82 82 88 
12 76 85 87 81 81 88 
13 77 85 88 82 82 88 
14 84 91 94 81 86 90 
15 74 84 87 82 83 91 
16 78 86 88 83 83 88 
17 77 86 90 83 83 89 
18 77 85 87 83 84 88 
19 77 86 88 82 83 88 
20 79 86 88 81 83 88 
21 77 85 87 82 82 88 
22 79 86 89 81 82 88 
23 79 88 89 82 88 88 
24 79 88 91 80 84 91 
25 77 85 88 82 84 88 
26 79 85 90 80 83 89 
27 86 95 96 84 90 93 
28 90 98 96 83 89 93 
29 78 87 88 83 87 91 
30 78 87 90 80 85 87 
31 77 87 88 81 84 89 
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Table A.9 Leaf dry weights (grams) of all hybrids grown in 1965, 1966 and 
1967 at the Agronomy Farm, Ames, Iowa. 16 leaves per sample 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 57.0 55,0 
2 54.0 59.0 
3 63,5 61.5 
4 56.5 58,0 
5 61.5 62.5 
6 62.0 67,5 
7 68.5 69.0 
8 65.0 69.5 
9 70.0 67.5 











74.8 67.5 65. 3 69,8 70. 8 68,3 64.8 74.8 70.8 
69.0 66.0 69. 0 70.5 72. 5 67.5 65.5 73.5 72.0 
75.5 66.0 72. 5 73.5 69. 5 66.0 66.5 72.0 71,5 
82,5 78.0 76. 5 76.0 72. 0 64.5 71.5 83.0 81,5 
83.0 73.0 69. 0 69.0 75. 0 68.5 71.0 77.0 75,5 
94.0 81.0 85. 0 85,0 77. 5 73,5 73,0 86.0 88,0 
85.5 73.0 78. 5 82.5 78. 5 71.5 71.5 83,5 83.0 
89.0 79,5 83. 0 79.0 80. 5 75.0 79.0 87,0 89.0 
86.0 79,0 82, 5 79.0 82. 5 76,0 73.5 83,0 80.5 
89.5 79.0 83, 0 85.5 77. 5 78.0 73.0 89.0 85.0 
11 68.0 70. 0 85.5 91. 5 75,0 79. 0 77. 0 77, 0 72. 0 74.0 80.5 89.0 
12 68.5 69. 5 85.5 87. 5 76.0 80. 5 75, 5 80. 0 70. 0 70.5 82,5 84.0 
13 68.5 71. 0 84.5 89. 5 80.0 72. 5 80, 5 71. 5 73. 0 73.5 86,0 80.0 
14 56.0 60. 5 77.5 85. 5 68.0 77. 0 75. 0 75, 0 67. 0 68.0 70.5 77.5 


































































21 72.5 66. 0 105.5 84.5 79.0 78, 5 84,5 76,5 70.5 69,5 87.0 72.5 
22 66,5 65, 0 83.5 83,0 76.5 67. 0 77.5 71,5 61.5 74,0 83.5 77.5 
23 63.5 60. 0 84.5 84.5 76.0 70. 5 81.5 69,0 77.0 67,0 78.0 77.0 
24 60.0 64. 0 83.5 84.0 66.5 73. 5 67.5 78,5 63.5 65.5 78.0 78.5 
25 64.5 63, 0 84,0 89.5 82,0 69. 0 77.0 76.0 73.5 74.5 80.5 79.5 
26 63.0 65. 5 80.0 85.0 74.5 69. 0 74.0 ,71.5 67.5 69.0 78.5 72.5 
27 56.5 54. 0 75,5 71.5 60.0 64. 5 69.5 69,0 66.0 66.0 69.0 69.0 
28 61.0 47, 5 75.0 77.0 63.0 62. 0 72.5 67.0 64.0 58.0 69.5 70.0 
29 62.0 67. 0 83,0 87,5 76.0 76, 5 74,0 75.0 69.5 74.0 79,5 81.5 
30 65.0 58. 0 86.0 82.0 66,5 69. 5 64.0 69.5 72.5 63.0 79.5 77.5 
31 62.0 62. 5 79,0 77.5 70,0 68, 0 67.5 73,5 64.5 69.0 74.0 79.0 
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Table A.9 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 47.2 42. 0 68.7 59. 2 57.5 50.7 63.0 56.0 59.7 53.7 66. 0 66. 2 
2 54.0 50. 0 67.0 58. 5 67.0 51.0 67.0 56.5 58.5 54.0 69. 0 61. 0 
3 52.0 48. 0 64.0 62. 0 51.0 54.0 68.0 60.5 53.5 50.0 66. 0 63. 0 
4 46.0 51. 5 73.0 58. 5 65.5 58.0 61.5 59.0 55.0 64.0 71. 5 72. 5 


































































11 59.5 64.5 87.0 90.0 75.5 72.0 73.0 80.0 67.0 72.0 83.0 87.0 
12 65.0 55.0 84.5 74.0 74.0 66.0 75.0 71.5 62.0 74.0 89.0 86.0 
13 61.5 65.0 81.5 82.5 73.0 70.0 73.0 71.5 67.0 67.0 83.0 80.5 
14 58.0 62.0 72.5 82.0 65.0 71.0 77.0 77.0 61.5 65.0 71.5 83.5 
15 61.0 58.0 82.0 78.0 77.0 66.0 74.0 72.0 69.5 63.5 89.0 82.0 
16 62.5 60.7 83.0 86.5 68.0 64.0 74.2 78.0 62.7 68. 2 84.5 83.5 
17 63.5 69.0 85.0 82.0 74.0 78.0 64.0 75.5 64.0 67. 5 83.0 84.0 
18 62.0 59.0 82.5 80.0 76.0 72.0 75.0 79.0 70.0 69. 5 87.0 81.0 
19 59.0 61.0 81.5 84.0 71.5 71.5 73.0 72.5 61.0 67. 0 83.0 81.5 
20 64.0 58.0 81.0 83.5 62.5 75.0 74.5 73.0 66.0 61. 0 84.0 85.0 
21 63. 0 67.5 82.0 80. 5 75.0 73.0 80. 0 76.0 68.5 68.0 91. 5 85.0 
22 62. 0 69.0 85.0 80. 0 75.5 74.0 76. 0 76.0 69.0 73.0 87. 0 84.5 
23 57. 5 58.5 80.0 80. 0 62.0 73.0 75. 0 78.0 64.0 67.0 76. 0 79.0 
24 61. 5 61.0 81.5 82. 0 74.5 77.0 72. 0 74.5 67.5 63.5 79. 0 86.5 
25 60. 0 58.5 86.0 83. 0 66.0 64.0 72. 0 78.0 67.0 67.0 82. 0 80.0 
26 63. 0 64.5 88. 0 81. 0 72.5 69.0 78.0 77.0 67.0 70.0 85.0 80.5 
27 57. 5 57.0 71. 0 71. 5 57.5 65.5 64.0 70.0 58.0 71.0 68.0 72.0 
28 61. 0 53.0 77. 5 79. 0 75.0 56.0 74.5 69.0 74.0 54.5 77.0 66.0 
29 60. 0 67.0 84. 0 81. 0 71.0 69.0 74.0 80.0 60.0 68.0 86.5 73.5 
30 63. 0 59.0 78. 0 80. 0 66.5 63.0 73.5 70.0 70.5 64.5 80.5 80.5 
31 61. 5 62.0 84. 0 65. 5 71.0 76.5 74.0 63.0 70.0 70.0 86.0 84.0 











Rep Rep 2 
1967 
1 48,8 45.0 46.0 43.0 
2 45.0 45.0 45.5 40.0 
3 48.5 44.0 46.0 40.0 
4 49.0 45.0 46.0 52.0 
5 43.5 47.0 46.0 56.0 
6 79.5 74.0 83.5 73.0 
7 74.0 80.0 87.0 75.5 
8 82.0 76,0 85.5 90.0 
9 80.0 80.5 79.0 88.0 
10 94.5 80.5 90.0 90.5 
11 92.5 82.5 89.5 84.5 
12 91.0 85.0 90.0 89.0 
13 90.5 94.5 92.0 88.0 
14 74.5 80.0 82.0 82.0 
15 92.5 92.5 98.5 93.0 
16 92.3 94.3 90.0 93.0 
17 95.0 91.0 93.5 90.5 
18 100.5 93.0 91.0 96.0 
19 97.0 94.0 96.0 91.5 
20 100.0 93.5 97.0 98.5 
21 101.0 102.5 94.0 100.0 
22 98,0 97.0 96.0 94.0 
23 99.0 94.0 98.5 98.5 
24 100.0 95.5 97.0 91.5 
25 100.5 108.0 100.0 107.0 
26 97.0 99.0 98,0 92.0 
27 84.5 90.0 85.0 98.0 
28 99.0 83.5 98.0 80.5 
29 95.0 103.0 95.0 94.0 
30 97.0 98.0 104.5 101.5 
31 97.0 98.0 93.0 93.5 
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Table A.10 Leaf dry weights (grams) of all hybrids grown in 1965, 1966 and 






















Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 66.5 60.0 76.3 75.3 71.0 65.5 72.3 71.5 68.9 67.3 75.5 69.0 
2 66.5 65.1 69.5 81.0 68.0 70.0 81.0 63.5 83.0 65.5 69,5 72.5 
3 56.5 63.5 79.5 71.0 63.5 64.0 66.0 68.0 68.5 67.0 71.0 69.0 
4 58.5 63.5 70.5 70.5 59.5 64.0 64.0 68.5 59.5 60.0 67,5 72.5 













6 8 . 0  















61 .0  
6 6 . 0  
64.5 
66.5 

































11 66.0 65.5 88.5 81.0 71.5 64.0 75.5 73.5 75.5 69.5 85.0 74,0 
12 70.0 71.0 80.0 74.0 69.5 71.0 73.0 74,0 68.0 69.0 82.5 75,0 
13 70,0 65.5 79,5 72.5 63.0 62.0 67.0 62,0 71.5 63,5 61.0 71.5 
14 65.5 67.5 78,5 81.5 68,5 67.5 83.0 79.0 73.5 69,0 82.5 75.0 
15 67.5 65.0 80,0 85.5 64,5 71.5 75.5 69.0 68.5 69,0 77,5 77,0 
16 72.3 68.8 81.0 79.5 68,0 66. 3 77.0 78.5 68.0 71.5 78.0 80,0 
17 75.0 64.5 87.0 78,5 64.0 61. 0 72.5 71.0 68,0 69.0 81.5 73.0 
18 68.0 63.5 83.5 69,0 73.5 63. 0 64,0 66.0 68,5 74.5 79.0 65,0 
19 66.0 68.5 80,5 86,0 72.0 73. 0 72.0 78.0 74.5 74.0 78,5 77,0 
20 73.5 72.0 83.0 78,0 77.0 67. 0 81.5 74.0 75.5 69.0 85.0 73,0 
21 66,5 63.0 83,5 76.0 65.0 73.5 73.0 
22 72.0 67.5 82.0 79.0 69.0 65.5 76,5 
23 62.5 61.0 77.0 76.0 66.0 67.0 82,0 
24 68.0 74.0 74.5 79.5 68.5 67.5 70,5 
25 69.0 69.0 82.5 79.5 72.0 67.0 76.0 
26 73.0 69.5 93.0 82.0 75.5 64.5 78,5 
27 63.0 66,5 78.5 69.0 66,0 64.5 68.0 
28 72.5 65,0 80.5 78.0 79.0 69.0 74.5 
29 61.0 61,5 76.5 69.5 64.5 69.0 71.0 
30 63.0 73,0 85.0 87.0 77.5 66.5 62.5 











71.0 73.0 77. 0 80.0 
70.5 74.5 77. 0 72.5 
76.0 74.0 85, 5 73,0 
73.0 72.5 73. 5 77,0 
67.5 73.5 78. 0 73,0 
79,5 68.0 79. 0 76.0 
67,0 60.5 71. 5 71.0 
76,5 68.0 89. 5 71.0 
68,5 63.0 79. 5 71.0 
59,5 76.0 80. 5 91.0 
71.0 67.0 81. 0 75.5 
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Table A.10 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 













































6 2 . 0  
56.5 
65.0 
6 2 . 0  
6 2 . 0  
58.0 


























71.5 64. 2 60.0 58.0 63.0 57.5 62. 0 57.2 63. 5 61.7 
62.0 56. 0 60.5 55.0 64.5 57.5 60. 5 54.5 65. 0 55.0 
77.0 57. 0 59,0 52.5 65.5 60.0 63. 5 59,0 54. 5 52.0 
65.5 62. 0 47.0 57.0 58.5 62.0 58. 0 53,0 58. 5 64.0 
76.0 68. 5 65.0 65.5 76.0 56.0 66. 0 55,0 66. 0 64.5 
86.0 80. 5 61.0 69.0 66.0 76.5 61. 0 63.5 79. 0 90.0 
73.0 77. 0 73.0 68.0 63.5 73.0 68. 0 72.0 80. 0 77.5 
78.0 74. 0 72.0 75.0 72.0 66.0 63. 0 70.0 75. 0 78.0 
89.0 74. 0 69.0 60.5 66.0 66.0 66. 0 66.0 73. 0 67.0 
78.0 76. 5 75.5 71.5 70.0 65.0 66. 0 62.0 71. 5 74.0 
83.0 80. 0 70.0 76.5 72.0 61.0 62. 5 61.5 77. 0 77.0 
76.0 86. 5 70.5 74.5 75.0 66.5 59. 0 65.0 79. 0 80.0 
82.0 75. 0 66.0 75.0 74.0 62.0 55. 5 64.5 76. 0 71.0 
83.5 72. 0 66.5 66.5 75.5 73.0 67. 0 68.5 75. 0 69.0 
79.0 72. 5 68.5 63.0 70.0 63.0 69. 5 60.0 74. 0 69.0 
77.0 75. 7 72.7 69.0 68.5 69.2 59. 0 66.7 71. 5 71.0 
90.0 73. 5 73.0 62.0 75.0 65.5 71. 5 72.0 77. 0 70.5 
79.5 76. 5 77.0 75.0 76.0 70.0 67. 0 71.0 77. 0 76.0 
73.0 78. 0 67.0 67.0 62.0 69.0 58. 5 65.0 73. 5 70.0 
81.5 77. 5 71.0 78.0 67,0 73.5 64. 0 63.5 81. 0 70.5 
76.5 75. 0 61.0 69.0 71.5 60.0 61. 0 66.0 66. 0 74.5 
89.0 78. 5 78.0 66.5 76.0 63.5 69. 5 60.5 79. 5 78.0 
78.0 75. 0 71.0 65.0 73.0 67.0 61. 0 58.0 78. 0 66.5 
77.5 77. 0 66.0 65.0 76.0 71.0 64. 0 66.5 73. 0 73.0 
82.0 70. 0 67.0 73,0 63.0 58.0 70, 0 58.5 73. 0 72.5 
26 63.5 60.0 78.5 73.0 68.0 67. 5 72.5 67.0 59. 0 66.0 72. 0 72.5 
27 57.0 50.0 75.0 62.0 70.5 54. 0 72.0 56.0 75. 0 60.0 65. 5 56.5 
28 58.0 58.5 73.0 73.5 67.5 67. 0 68.0 62.0 63. 0 67.0 72. 5 63.5 
29 57.0 60.0 79.0 69.0 64.0 61. 0 67.0 66.5 69. 5 70.5 64. 0 60.0 
30 58.0 64.0 80.0 71.0 66.0 67. 0 64.0 68.5 65. 0 68.0 60. 5 73.5 
31 63.5 67.0 80.0 74.0 72.0 67. 0 69.5 75.0 59. 5 60.0 70. 5 78.0 
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Table A,10 (Continued) 
Tmt. Wf 9 A 257 
no. X X 
B 14 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 
1967 
1 62.5 56.8 62.3 56.3 
2 60.5 44.5 65.0 52.5 
3 57.0 56.5 59.0 49.0 
4 50.0 58.5 63.0 55.0 
5 64.0 58.5 75.5 68.5 
6 83.5 80.0 83.5 91.0 
7 69.0 86.0 76.0 84.5 
8 82.5 74.0 90.0 88.0 
9 80.0 86,0 91.5 91.5 
10 85.0 89.5 86.0 97.0 
11 83.0 80.5 92.0 89.0 
12 86.0 84.0 89.0 94.0 
13 92.0 88.5 93.0 98.5 
14 85.0 85.0 93.0 87.0 
15 80.0 79.0 90.5 87.0 
16 92.3 90.0 95.0 94.0 
17 94.0 90.0 91.5 95.0 
18 91.0 94.5 93.0 92.5 
19 87.0 92.5 100,0 98.0 
20 96.0 90.0 96.5 92.0 
21 96.0 88.0 97.0 94.0 
22 92.0 92.5 103.0 93.5 
23 91.0 81.0 95.5 92.0 
24 99.5 94.5 94.0 95.5 
25 93.5 93.5 100.0 101.0 
26 95.5 94.0 99.0 100.5 
27 86.5 63.0 88.0 82.0 
28 95.0 83.0 99.5 83.5 
29 97.5 90.0 93.0 90.0 
30 93.0 93.5 96.5 99.5 
31 100.0 100.0 98.0 92.0 
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Table A.11 Average leaf dry weights (grains) for 1965, 1966 and 1967 at the 
Agronomy Farm, Ames, Iowa and the Clarion-Webster Farm, Kanawha, 
Iowa, 16 leaves per sample 
Tmt. Agronomy Farm Clarion-Webster Farm 
no. 1965 1966 1967 1965 1966 1967 
1 68,0 57.5 45.7 69.9 60.2 59.5 
2 68,0 59.5 43.9 71,3 57.7 55.7 
3 70,0 57,7 44,7 67.3 59.3 55,4 
4 73.1 61.3 48.0 64.9 57.2 56,7 
5 72.2 62,9 48.2 70.0 64.0 66,7 
6 79,9 74,2 77.6 78.5 72.1 84,6 
7 77.6 73,1 79.2 72.7 70.8 78.9 
8 80.5 75.7 83.4 72.1 70.5 83,7 
9 78.9 75.9 81.9 67.8 68.2 87.3 
10 80,7 76.1 88.9 73.1 69.3 89,4 
11 78,2 75.9 87.3 74.1 70.6 86,2 
12 77,5 73.0 88.8 73.1 72.1 88.3 
13 77.5 73.0 91.3 67.4 68.5 93.1 
14 71,5 70,5 79.7 74.3 70.0 87,5 
15 79,0 72,7 94.2 72.5 67.3 84,2 
16 77.3 ' 73,0 92.4 . 74.1 69.4 92.8 
17 74,9 74,1 92.5 72.1 71.0 . 92,7 
18 79.5 74.4 95.2 69.8 73.4 92,8 
19 76.0 72.2 94.7 75.0 67.4 94.4 
20 73.8 72,3 97.3 75.7 70,3 93.7 
21 78.9 75.8 99.4 71.4 66.4 93.8 
22 73.9 75.9 96.3 73.2 72,7 95,3 
23 74.0 70,2 97.5 73,1 66,6 89.9 
24 71,9 73,4 96.1 72.8 68,7 95.9 
25 76,1 72.0 103.9 73.3 66,5 97.0 
26 72.5 74.6 96.5 75.4 68,3 96.9 
27 65.9 65,2 89.4 67.9 62.8 79.9 
28 65.5 68.0 90.3 74,5 66,1 90.3 
29 75.5 72.8 96.8 69,0 65.6 92.7 
30 71.1 70,8 100.3 74.9 67.1 95.7 
31 70.5 72,3 95,4 72.8 68.7 97.5 
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Table A.12 Percent N in the leaves of all hybrids grown in 1965, 1966 and 
1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 2.64 2.56 2.42 2.63 2.38 2.59 2.88 2.62 2.91 2.97 2.33 2.19 
2 2.30 1.91 2.43 1.84 2.43 1.89 2.37 1.86 2.49 2.09 2.57 1.93 
3 2.06 1.75 2.06 1.53 2.09 1.95 2.25 1.55 1.88 1.77 1.96 1.76 
4 2.31 2.08 2.33 2.01 2.23 1.93 2.66 2.20 2.15 1.98 2.42 2.15 
5 1.99 2.09 2.05 2.04 2.04 1.89 2.03 2.06 1.99 1.95 2.25 2.22 
6 2.96 2.80 2.96 2.89 3.01 2.62 3.23 3.00 3.09 2.88 3.20 3.06 
7 2.65 2.80 2.78 2.85 2.80 2.92 3.07 3.00 2.96 3.09 3.02 3.02 
8 2.87 2.65 2.80 2.78 2.82 2.57 3.15 3.00 2.99 2.98 3.14 3.00 
9 2.76 2.71 2.78 2.81 2.78 2.65 3.14 3.11 3.07 2.91 3.05 2.89 
10 2.72 2.76 2.70 2.83 2.68 2.68 3.19 3.21 2.90 2.96 3.06 2.98 
11 2.69 2.71 2.50 2,88 2.54 3.09 2.81 3.18 2.80 2.87 2.85 3.08 
12 2.83 2.73 2.80 2.78 2.89 2.82 3.24 3.16 3.04 2.98 3.01 3.04 
13 2.92 2.87 3.01 2.89 2.92 2.87 3.13 3.20 3.06 3.09 3.17 3.00 
14 2.99 2.89 3.16 2.98 3.06 2.80 3.26 3.23 3.28 3.11 3.34 3.14 
15 2.89 2.85 3.00 2.85 2.82 2.73 3.23 3.09 3.30 3.00 3.38 3.09 
16 2.91 2.80 2.85 2.76 2.71 2.75 3.21 3.06 3.08 2.93 3.07 3.00 
17 2.80 2.91 2.92 2.87 2.69 2.82 3.25 3.27 3.00 3.07 3.11 3.11 
18 2.91 2.85 2.87 2.87 2.77 2.82 3.15 3.31 3.28 3.19 3.17 3.14 
19 2.94 3.00 3.00 3.02 2.96 2.91 3.33 3.30 3.19 3.16 3.15 3.29 
20 2.81 2.91 2.96 2.91 2.95 2.76 3.23 3,11 3.17 3,01 3.25 3.09 
21 2.91 2.80 3,05 2.80 2.82 2,78 3.23 3,00 3.19 3.09 3.20 3.02 
22 2.91 2.67 2,94 2,80 2.86 2,73 3.11 3.06 3.19 2.85 3.16 2.97 
23 3.01 2.97 2,99 3,01 3.10 2.95 3.46 3.28 3,09 3.20 3.31 3.11 
24 2.91 2.85 3,00 2.94 2.97 3,00 3.40 3,27 3,18 3,11 3.18 3.14 
25 2.68 2.85 2.61 2.71 2.67 2,71 2.99 3.00 2,92 2.87 3.05 2.94 
26 2.98 2.96 3.00 2.80 2.98 2,85 3.27 3.11 3,18 3.13 3.20 3.23 
27 2.83 2.91 2.81 3.02 2.92 2.96 3.04 3.11 3,02 3.00 3.26 3.16 
28 2.96 3.02 3.14 3.11 3,09 3.05 3.23 3.27 3,25 3.23 3.18 3,25 
29 2.98 2.98 2.89 2.87 2.82 2,87 3.24 3.18 3,19 3.07 3.23 3,10 
30 2.87 2.96 2.90 2.97 3,04 2,95 3.29 3.31 3,16 3.29 3.36 3.31 
31 2.94 2.80 3.07 2.76 2.91 2.78 3.31 3.02 3,20 2.87 3.34 2.96 
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Table A.12 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep I Rep 2 Rep 1 Rep 2 
1966 
1 2.63 2.38 2.32 2.13 2.29 2.21 2.39 2.13 2.54 2.32 2.34 2.57 
2 2.07 2.09 1.97 2.07 1.51 1.98 1.47 2.01 1.63 2.21 1.53 2.32 
3 1.67 1.88 1.45 1.31 1.24 1.26 1.26 0.92 0.92 0.95 1.09 1.07 
4 2.31 2.43 2.20 1.73 1.87 1.80 1.97 1.95 1.99 2.44 1.99 2.21 
5 2.09 2.40 1.34 2.27 1.84 2.03 1.19 1.93 1.64 1.76 1.36 2.19 
6 3.14 2.75 3.06 2.29 2.98 2.68 3.40 2.97 3.16 3.02 3.17 2.99 
7 2.98 2.66 3.00 2.82 2.95 2.59 3.19 3.08 3.06 2.94 3.14 2.97 
8 2.85 3.03 2.94 2.82 2.69 2.81 3.23 2.82 3.30 2.91 3.22 2.94 
9 2.70 2.58 2.82 2.77 2.48 2.71 3.14 3.09 2.98 2.85 2.98 3.00 
10 2.83 2.94 2.91 2.89 2.89 2.93 3.31 3.09 2.99 2.97 3.28 3.28 
11 2. 91 2.72 3.00 2.63 2.69 2.50 3.25 2.80 3.23 2.97 3.09 2.88 
12 2. 71 2.87 2.61 2.92 2.81 2.91 2.65 3.13 3.13 2.97 3.08 3.04 
13 2. 93 2.78 2.89 2.94 2.70 2.78 3.28 3.03 3.10 3.06 3.16 3.23 
14 2. 99 2.97 3.28 2.99 3.14 2.70 3.32 3.14 3.40 3.04 3.48 3.20 
15 2. 99 2.99 2.83 2.85 3.28 2.85 3.11 3.21 3.11 3.31 2.86 3.21 
16 2.93 2.72 3.03 2.75 3.02 2.76 3.25 3.03 3.24 3.20 3.20 3.09 
17 2.95 2.86 2.92 3.05 2.98 2.78 3.15 3.14 3.22 3.21 3.14 3.31 
18 3.05 2.95 3.05 2.72 2.92 2.82 3.38 3.21 3.14 2.97 3.19 3.04 
19 2.86 2.81 3.06 2.94 3.02 2.92 3.19 3.32 3.14 2.97 3.27 3.11 
20 2.98 2.82 3.25 3.04 2.92 2.71 3.45 2.92 3.28 3.16 3.33 3.11 
21 2.86 2.71 2.93 3.04 3.04 2.89 3.23 3.10 3.21 3.09 3.27 3.32 
22 3.11 2.76 2.94 2.82 3.16 2.86 3.26 3.30 3.08 3.08 3.34 3.23 
23 3.08 2.89 3.00 3.14 2.92 3.13 3.48 3.23 3.17 3.39 3.38 3.38 
24 2.97 2.98 2.97 2.86 2.80 2.88 3.11 3.16 2.97 3.21 3.20 3.19 
25 3.09 2.76 2.95 2.88 3.04 2.77 3.20 3.15 3.26 3.17 3.23 3.32 
26 2.91 2.87 3.03 2.80 2.93 2.86 3.30 2.92 3.14 3.11 3.39 3.09 
27 2.86 2.87 3.02 3.05 3.04 2.98 3.36 3.25 3.25 3.13 3.26 3.27 
28 2.83 3.02 2.92 2.94 2.77 2.88 3.04 3.21 2.95 3.03 3.14 3.20 
29 3.11 2.88 3.04 2.83 2.98 2.91 3.32 3.27 3.36 2.97 3.32 3.13 
30 2.91 3.03 2.98 3.00 2.85 2.88 3.13 3.32 3.16 3.25 3.16 3.26 
31 3.03 2.98 2.89 3.09 2.88 2.72 3.28 3.14 3.30 3.02 3.20 3.16 










Rep 1 Rep 2 Rep 1 Rep 2 
1967 
1 2.12 1.69 1.84 1.97 
2 1.77 2.38 1.72 2.30 
3 1.39 1.59 1.46 1.49 
4 1.72 1.72 1.95 2.10 
5 1.59 1.83 1.64 2.10 
6 2.77 2.76 2.99 3.34 
7 2.81 2.58 3.22 2.91 
8 2.61 2.50 2.84 2.99 
9 2.58 2.66 2.86 2.76 
10 2.28 2.73 3.29 3.01 
11 2.81 2.61 2.78 2.91 
12 2.45 2.38 3.01 3.01 
13 2.53 2.61 2.84 2.91 
14 2.84 2.66 3.04 3.14 
15 2.76 2.66 3.08 3.11 
16 2.72 2.55 3.29 2.94 
17 2.27 2.51 2.79 2.91 
18 2.53 2.84 3.04 2.94 
19 2.89 2.85 3.34 3.39 
20 2.84 2.78 3.24 3.06 
21 2.54 2.71 2.94 3.27 
22 2.76 2.81 3.04 3.24 
23 2.99 2.86 3.37 3.37 
24 2.84 2.96 3.17 3.45 
25 2.78 2.71 3.34 3.06 
26 2.76 2.86 3.17 3.14 
27 2.94 3.09 3.27 3.37 
28 3.04 2.99 3.37 3.35 
29 2.48 2.81 3.42 3.37 
30 2.66 2.86 3.42 3.37 
31 2.58 2.81 3.42 3.27 
191 
Table A. 13 Percent N in the leaves of all hybrids grown in 1965, 1966 and 
1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 2.41 2.42 2.49 2.51 2.44 2.31 2.54 2.63 2.68 2.48 2.63 2.59 
2 2.47 2.10 2.51 2.15 2.58 1.94 2.53 1.88 3.07 1.92 2.87 1.86 
3 2.19 2.38 2.38 2.22 2.32 2.06 2.52 2.40 2.59 2.58 2.42 2.41 
4 2.24 2.56 2.11 2.20 2.02 2.50 2.15 2.72 2.23 2.41 3.02 2.53 
5 2.56 2.34 2.67 2.36 2.67 2.58 2.65 2.54 2.78 2.54 2.63 2.68 
6 2.61 2.81 2.59 2.76 2.75 2.94 3.15 3.14 2.70 3.01 3.01 3.05 
7 2.71 2.54 2.80 2.70 2.67 2.70 2.82 2.97 2.81 2.85 3.05 2.86 
8 2.60 2.87 2.67 2.92 2.62 2.94 2.86 3.04 2.85 3.16 2.91 3.02 
9 2.49 2.41 2.77 2.54 2.61 2.65 2.70 2.68 2.68 2.77 2.77 2.86 
10 2.56 2.61 2.60 2.66 2.82 2.60 3.05 2.86 2.95 2.76 3.09 2.92 
11 2.73 2.73 2.85 2.70 2.76 2.68 2.98 2.88 2.80 2.99 2.85 2.99 
12 2.80 2.66 2.65 2.61 2.67 2.52 2.98 2.77 2.94 2.77 2.92 2.72 
13 2.58 2.50 2.60 2.46 2.71 2.47 2.94 2.77 2.86 2.65 3.16 2.86 
14 2.73 2.83 2.73 2.87 2.91 2.72 2.99 2.95 2.92 3.04 3.11 3.17 
15 2.62 2.83 2.78 3.00 2.69 2.97 3.06 3.24 2.91 3.04 3.02 3.42 
16 2.66 2.93 2.48 2.87 2.66 2.92 2.99 3.07 2.83 3.04 3.07 3.30 
17 2.69 2.54 2.68 2.66 2.87 2.73 3.06 2.83 2.96 2.86 2.96 3.08 
18 2.71 2.75 2.80 2.69 2.58 2.75 2.96 3.06 2.87 3.16 2.80 3.18 
19 2.89 2.66 2.78 2.77 2.88 2.69 2.98 2.88 2.99 2.88 3.05 2.92 
20 2.81 2.72 2.81 2.88 2.54 2.61 2.86 2.92 2.95 2.81 3.14 2.97 
21 2.67 2.79 2.71 2.92 2.56 2.60 2.96 2.97 2.96 2.81 2.88 3.01 
22 2.63 2.70 2.80 2.75 2.61 2.56 2.92 2.87 2.86 2.99 2.97 2.81 
23 2.98 2.71 2.86 2.90 2.95 2.68 2.94 2.95 2.87 3.04 3.20 2.99 
24 2.65 2.73 2.75 2.83 2.69 2.63 2.85 2.96 2.85 2.92 3.02 3.01 
25 2.58 2.77 2.44 2.79 2.67 2.81 2.98 2.72 2.91 3.13 2.99 2.97 
26 2.66 2.67 2.87 2.68 2.56 2.59 2.95 2.78 3.04 2.89 2.83 3.06 
27 2.85 2.68 2.89 2.79 2.91 2.79 2.91 3.04 3.23 2.97 3.31 3.13 
28 2.71 3.08 2.79 3.12 2.79 3.18 2.99 3.31 3.13 3.36 3.09 3.35 
29 2.69 3.16 2.71 2.99 2.62 3.23 2.91 3.19 2.89 3.32 2.99 3.56 
30 2.76 2.72 2.81 2.61 2.73 2.81 2.98 2.97 3.11 2.90 3.14 2.91 
31 2.82 2.81 2.73 3.10 2.73 2.77 3.11 3.10 2.98 3.01 2.87 3.13 
192 
Table A.13 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 2.35 2.51 2.33 2.44 2.05 2.00 2.36 2.14 2.42 2.78 2.33 2.23 
2 1.98 1.70 1.86 1.51 2.18 1.35 1.83 1.41 2.02 1.40 1.66 1.59 
3 2.19 1.73 2.06 1.50 1.92 1.40 1.90 1.37 2.19 1.43 1.78 1.52 
4 1.93 2.09 1.95 1.71 1.17 1.86 1.56 1.90 1.92 1.81 1.66 1.96 
5 2.44 2.41 2.33 2.30 2.04 2.30 2.04 1.85 2.47 2.03 2.86 2.53 
6 3.16 2.98 2.84 2.88 2.87 2.66 3.02 2.99 3.07 3.22 3.24 3.05 
7 2.84 3.16 2.87 3.27 3.06 3.27 3.01 3.30 3.14 3.66 3.28 3.49 
8 2.89 2.88 2.78 2.78 2.84 2.81 3.09 2.92 3.12 2.88 3.09 3.03 
9 2.75 3.11 2.78 3.20 2.78 3.20 3.09 3.51 2.93 3.42 3.16 3.51 
10 3.06 2.88 3.09 2.75 3.08 2.78 3.28 3.13 2.99 2.89 3.20 3.26 
11 3.17 3.19 3.00 3.36 2.90 3.33 3.30 3.51 3.24 3.39 3.40 3.81 
12 3.00 2.95 2.91 3.03 2.87 2.83 3.19 3.15 3.31 3.08 3.35 3.30 
13 2.93 2.63 3.00 2.86 3.08 2.75 3.21 3.11 3.22 3.14 3.23 3.14 
14 3.04 3.30 3.07 3.31 3.11 3.25 3.36 3.59 3.49 3.73 3.33 3.75 
15 3.05 3.-13 3.06 3.33 2.99 3.32 3.02 3.65 3.05 3.62 3.09 3.61 
16 2.83 3.17 2.88 3.16 2.93 3.11 3.21 3.48 3.24 3.25 3.19 3.50 
17 2.98 2.65 2.90 2.82 2.88 2.81 3.15 3.21 3.11 3.15 3.52 3.16 
18 2.97 3.20 3.01 3.22 3.14 3.14 3.21 3.56 3.21 3.49 3.31 3.31 
19 3.20 2.95 3.48 2.89 3.03 3.02 3.37 3.21 3.32 3.25 3.23 3.20 
20 3.14 2.85 2.86 3.03 3.03 2.87 3.28 3.02 3.17 3.02 3.35 3.15 
21 3.06 3.39 2.74 3.32 3.13 3.37 3.29 3.67 3.36 3.70 3.30 3.62 
22 2.87 3.06 2.97 2.74 3.08 2.82 3.26 3.21 3.10 3.26 3.14 3.19 
23 2.91 3.37 3.16 3.39 3.08 3.39 3.28 3.70 3.20 3.56 3.32 3.56 
24 2.92 3.02 3.08 2.81 3.08 2.96 3.35 3.20 3.27 3.09 3.39 3.19 
25 3.06 3.38 3.09 3.32 3.16 3.27 3.25 3.62 3.22 3.61 3.37 3.81 
26 2.93 3.17 3.25 3.26 2.88 3.47 3.24 3.59 3.35 3.50 3.47 3.83 
27 3.25 3.47 2.89 3.34 3.22 3.30 3.48 3.71 3.44 3.39 3.64 3.73 
28 3.13 3.45 3.13 3.62 3.01 3.34 3.33 3.65 3.49 3.54 3.48 3.66 
29 3.03 2.86 2.96 2.81 3.14 3.10 3.23 3.14 3.28 3.27 3.37 3.44 
30 3.00 3.09 2.98 2.97 3.07 3.11 3.30 3.32 3.46 3.40 3.39 3.28 
31 2.98 2.88 3.11 3.00 3.08 2.86 3.28 3.19 3.41 3.09 3.47 3.28 
193 










Rep 1 Rep 2 
1967 
1 1.79 1.82 1.51 1.69 
2 1.46 1.45 1.44 1.69 
3 1.51 1.44 1.64 1.51 
4 1.51 1.54 1.79 1.72 
5 2.10 1.59 2.33 1.51 
6 2.81 2.53 3.22 3.06 
7 2.81 2.63 2.99 3.24 
8 2.58 2.78 3.22 3.09 
9 2.63 2.89 3.01 3.14 
10 2.86 2.68 3.19 3.04 
11 2.48 2.91 3.04 3.22 
12 2.96 2.72 3.27 3.09 
13 2.73 2.73 3.22 2.89 
14 3.14 2.76 3.27 2,94 
15 2.84 2.84 3.34 3.24 
16 2.73 2.63 3.11 3.16 
17 2.43 2.76 3.34 3.17 
18 2.89 2.73 3.19 2.89 
19 2.48 2.86 3.34 3.19 
20 2.99 2.78 3.22 2.99 
21 2.48 2.86 3.19 3.29 
22 2.68 2.81 3.06 3.11 
23 2.38 3.04 3.32 3.32 
24 2.73 2.73 3.01 3.06 
25 2.99 2.86 3.34 3.27 
26 2.81 2.81 3.32 3.01 
27 2.86 2.23 3.50 2.96 
28 3.42 2.61 2.94 3.06 
29 2.99 2.96 3.27 3.19 
30 2.96 3.04 3.39 3.17 
31 2.56 2.84 3.22 3.22 
194 
Table A.14 Average percent N in the leaves for 1965, 1966 and 1967 at the 




Agronomy Farm Clarion-Webster Farm 
1965 1966 1967 1965 1966 1967 
1 2.59 2.35 2.19 2.51 2.33 1.88 
2 2.18 1.90 2.05 2.32 1.71 1.52 
3 1.88 1.25 1.49 2.37 1.75 1.53 
4 2.20 2.07 1.88 2.39 1.79 1.65 
5 2.05 1.84 1.79 2.58 2.30 1.88 
6 2.97 2.97 2.97 2.88 3.00 2.91 
7 2.89 2.95 2.89 2.79 3.20 2.92 
8 2.90 2.96 2.74 2.87 2.93 2.92 
9 2.89 2.84 2.72 2.65 3.12 2.91 
10 2.89 3.03 2.83 2.79 3.03 2.95 
11 2.83 2.89 2.78 2.83 3.30 2.92 
12 2.94 2.90 2.72 2.75 3.08 3.01 
13 3.01 2.99 2.73 2.71 3.02 2.90 
14 3.10 3.14 2.92 2.91 3.36 3.04 
15 3.02 3.05 2.91 2.96 3.24 3.07 
16 2.93 3.02 2.88 2.90 3.16 2.91 
17 2.98 3.06 2.62 2.83 3.03 2.93 
18 3.03 3.04 2.84 2.86 3.23 2.93 
19 3.10 3.05 3.12 2.86 3.18 2.97 
20 3.00 3.08 2.98 2.83 3.06 3.00 
21 2.99 3.06 2.87 2.82 3.33 2.96 
22 2.94 3.08 2.97 2.79 3.06 2.92 
23 3.12 3.18 3.15 2.92 3.33 3.02 
24 3.08 3.02 3.11 2.82 3.11 2.88 
25 2.83 3.07 2.98 2.81 3.35 3.12 
26 3.06 3.03 2.99 2.80 3.33 2.99 
27 3.00 3.11 3.17 2.96 3.40 2.89 
28 3.15 2.99 3.19 3.07 3.40 3.01 
29 3.03 3.09 3.03 3.03 3.14 3.11 
30 3.11 3.08 3.08 2.87 3.20 3.14 
31 3.00 3.06 3.03 2.93 3.14 2.96 
195 
Table A.15 Percent P in the leaves of all hybrids grown in 1965, 1966 and 
1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 .223 .215 .223 .207 .244 .213 .215 .214 .216 .206 .234 .204 
2 .196 .170 .215 .174 .220 .203 .193 .167 .215 .183 .220 .200 
3 .193 .165 .200 .155 .212 .208 .215 .155 .208 .188 .230 .196 
4 .287 .307 .280 .269 .297 .275 .307 .280 .280 .350 .337 .338 
5 .200 .208 .220 .230 .230 .225 .230 .250 .225 .277 .263 .293 
6 .263 .225 .263 .258 .275 .260 .275 .258 .269 .275 .293 .280 
7 .257 .240 .292 .240 .287 .258 .297 .230 .325 .250 .350 .260 
8 .365 .388 .400 .425 .365 .475 .400 .448 .463 .510 .433 .493 
9 .297 .308 - .307 .325 .325 .350 .312 .350 .375 .375 .395 .418 
10 .258 .263 .263 .275 .286 .313 .307 .297 .303 .293 .331 .318 
11 .260 .275 .258 .275 .280 .286 .280 .293 .293 .325 .307 .365 
12 .345 .325 .452 .318 .417 .350 .525 .350 .440 .388 .492 .475 
13 .297 .297 .303 .325 .313 .297 .309 .325 .350 .325 .370 .350 
14 .208 .215 .250 .220 .254 .230 .258 .230 .250 .250 .250 .253 
15 .345 .277 .370 .286 .370 .303 .395 .388 .432 .350 .462 .400 
16 .294 .284 .322 .292 .299 .307 .339 .321 .324 .339 .368 .345 
17 .275 .293 .325 .286 .325 .303 .345 .293 .375 .313 .365 .303 
18 .313 .313 .331 .313 .350 .325 .343 .343 .365 .375 .418 .418 
19 .275 .258 .269 .258 .280 .286 .275 .277 .303 .275 .318 .280 
20 .225 .240 .258 .254 .263 .269 .269 .280 .269 .275 .275 .286 
21 .345 .303 .365 .307 .380 .325 .357 .338 .375 .338 .417 .400 
22 .275 .280 .280 .286 .307 .303 .303 .318 .325 .303 .325 .307 
23 .260 .240 .258 .230 .254 .253 .263 .250 .280 .258 .293 .260 
24 .217 .240 .263 .250 .257 .250 .263 .258 .280 .263 .275 .258 
25 .303 .275 .307 .318 .338 .307 .325 .350 .357 .448 .400 .418 
26 .312 .293 .297 .275 .337 .280 .350 ,286 .337 .325 .387 .338 
27 .200 .250 .215 .230 .208 .225 .215 .254 .211 .225 .217 .250 
28 .200 .193 .260 .215 .225 .200 .240 .215 .217 .217 .230 .215 
29 .292 .280 .292 .286 .302 .280 .325 .297 .312 .277 .360 .365 
30 .312 .280 .387 .286 .380 .313 .387 .319 .462 .400 .575 .388 
31 .330 .275 .345 .277 .375 .280 .350 .277 .350 .313 .395 .313 
196 
Table A.15 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 .272 .283 .251 .249 .272 .279 .250 .244 .288 .291 .291 .326 
2 .204 .244 .204 .250 .169 .263 .189 .244 .192 .300 .204 .321 
3 .256 .256 .281 .213 .244 .225 .281 .231 .289 .225 .289 .313 
4 .350 .383 .383 .344 .388 .369 .331 .344 .425 .396 .433 .438 
5 .344 .372 .306 .356 .344 .344 .406 .369 .388 .444 .338 .433 
6 .338 .288 .331 .313 .331 .331 .338 .313 .344 .331 .396 .372 
7 .300 .294 .331 .313 .331 .317 .331 .306 .338 .313 .392 .369 
8 .338 .325 .475 .525 .475 ".506 .481 .544 .575 .550 .538 .638 
9 .383 .400 .375 .413 .396 .463 .419 .463 .444 .494 .488 .563 
10 .369 .317 .344 .344 .356 .338 .383 .344 .388 .356 .433 .400 
11 .325 .321 .344 .325 .369 .344 .350 .356 .363 .375 .396 .375 
12 .344 .356 .419 .375 .388 .413 .400 .400 .413 .425 .525 .488 
13 .372 .375 .369 .388 .356 .372 .356 .396 .396 .429 .406 .500 
14 .313 .300 .325 .306 .331 .306 .338 .313 .338 .313 .350 .344 
15 .425 .350 .456 .338 .383 .338 .494 .400 .550 .429 .388 .463 
16 .341 .379 .363 .366 .372 .404 .377 .417 .388 .457 .413 .455 
17 .356 .356 .344 .344 .344 .356 .356 .456 .383 .388 .400 .392 
18 .406 .429 .413 .406 .450 .456 .433 .438 .444 .463 .488 .531 
19 .344 .325 .344 .317 .338 .331 .344 .338 .338 .344 .379 .375 
20 .338 .317 .344 .321 .344 .321 .344 .306 .369 .338 .369 .379 
21 .388 .406 .388 .392 .429 .425 .450 .444 .500 .450 .544 .506 
22 .379 .400 .388 .356 .413 .425 .388 .425 .419 .450 .450 .456 
23 .306 .313 .338 .331 .321 .338 .344 .321 .331 .344 .383 .350 
24 .288 .306 .321 .313 .331 .338 .325 .325 .321 .313 .372 .363 
25 .419 .379 .392 .433 .425 .469 .429 .469 .450 .513 .544 .563 
26 .356 .400 .372 .379 .383 .392 .383 .392 .438 .433 .444 .456 
27 .250 .300 .263 .317 .275 .344 .300 .356 .306 .350 .300 .383 
28 .281 .275 .306 .275 .306 .281 .306 .321 .325 .269 .363 .313 
29 .325 .369 .356 .375 .375 .396 .363 .413 .388 .463 .413 .475 
30 .375 .375 .406 .379 .429 .438 .475 .475 .531 .500 .506 .556 







































































































































































Table A.16 Percent P in the leaves of all hybrids grown in 1965, 1966 and 
1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 237 
no .  X  X X X  X X 
Oh 43 B 14 A 257 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 .268 .245 .249 .235 .292 .260 .278 .250 .303 .273 .309 .282 
2 .230 .250 .230 .217 .280 .263 .260 .263 .313 .260 .303 .250 
3 .280 .250 .313 .230 .331 .260 .297 .258 .370 .307 .338 .297 
4 .475 .331 .370 .325 .518 .395 .350 .440 .493 .350 .418 .400 
5 .350 .269 .380 .318 .475 .357 .370 .297 .501 .357 .395 .338 
6 .365 .303 .375 .325 .425 .338 .375 .338 .418 .318 .475 .410 
7 .325 .275 .325 .263 .388 .293 .350 .293 .365 .303 .400 .325 
8 .368 .350 .693 .484 .673 .525 .844 .540 1.044 .650 .969 .i25 
9 .452 .418 .625 .525 .638 .550 .493 .575 .540 .625 .671 .638 
10 .365 .331 .475 .540 .613 .525 .463 .575 .625 .588 .588 .533 
11 .425 .325 .463 .331 .493 .463 .418 .395 .448 .575 .560 .418 
12 .388 .525 .463 .671 .475 .766 .484 .625 .575 .905 .540 .795 
13 .400 .400 .550 .600 .525 .575 .501 .550 .600 .625 .681 .681 
14 .275 .275 .280 .260 .345 .293 .293 .263 .307 .275 .307 .286 
15 .452 .258 .463 .275 .613 .325 .568 .313 .560 .331 .710 .410 
16 .409 .369 .510 .425 .554 .510 .533 .384 .507 .520 .611 .539 
17 .400 .325 .463 .375 .510 .625 .433 .410 .475 .540 .510 .568 
18 .493 .448 .550 .418 .625 .575 .743 .510 .693 .625 .700 .625 
19 .365 .350 .501 .410 .400 .463 .410 .418 .388 .469 .600 .613 
20 .357 ,325 .357 .388 .510 .510 .418 .345 .388 .469 .518 .493 
21 .418 .365 .525 .493 .410 .493 .681 .510 .501 .525 .700 .568 
22 .395 .475 .540 .493 .452 .575 .540 .493 .560 .600 .638 .671 
23 .307 .258 .375 .260 .370 .275 .318 .280 .365 .293 .452 .280 
24 .307 .293 .365 .345 .345 .400 .318 .303 .365 .338 .448 .375 
25 .365 .400 .510 .550 .600 .588 .698 .688 .728 .698 .728 .698 
26 .350 .433 .463 .518 .518 .518 .484 .475 .475 .600 .625 .632 
27 .275 .225 .263 .220 .303 .358 .277 .230 .293 .250 .313 .254 
28 .263 .258 .286 .258 .293 .277 .293 .225 .293 .260 .303 .263 
29 .325 .303 .433 .297 .463 .331 .365 .303 .463 .357 .540 .375 
30 .338 .463 .418 .560 .484 .698 .600 .700 .575 .758 .700 .813 
31 .375 .350 .728 .418 .510 .493 .510 .540 .510 .463 .588 .518 
199 
Table A.16 (Continued) 
Tmt. m-9~ Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 .256 .309 .266 .303 .273 .322 .275 .297 .321 .350 .316 .366 
2 .188 .250 .188 .250 .244 .294 .196 .300 .238 .306 .208 .338 
3 .331 .269 .372 .300 .375 .317 .344 .275 .396 .317 .388 .413 
4 .450 .344 .494 .375 .613 .392 .604 .379 .531 .433 .550 .469 
5 .375 .356 .369 .375 .392 .400 .388 .363 .423 .433 .488 .481 
6 .400 .321 .375 .369 .433 .356 .429 .356 .400 .369 .525 .429 
7 .317 .363 .369 .375 .383 .388 ,369 .369 .375 .396 .406 .425 
8 .425 .379 .766 .444 .750 .400 .726 .506 .784 .494 .926 .531 
9 .425 .429 .444 .469 .550 .676 .488 .700 .588 .642 .738 .726 
10 .338 .338 .375 .481 .425 .438 .396 .433 .396 .444 .625 .525 
11 .400 .375 .406 .425 .513 .433 .413 .444 .450 .500 .506 .494 
12 .375 .463 .419 .450 .396 .538 .425 .475 .433 .525 .550 .858 
13 .369 .429 .425 .525 .392 .538 .463 .463 .413 .544 .544 .634 
14 .321 .363 .344 .350 .375 .356 .356 .363 .375 .383 .369 .369 
15 .363 .356 .392 .392 .556 .425 .494 .400 .525 .413 .744 .525 
16 .386 .394 .407 .422 .455 .432 .453 .445 .486 .492 .504 .555 
17 .388 .379 .450 .400 .450 .525 .433 .481 .444 .488 .563 .513 
18 .392 .433 .475 .433 .469 .525 .488 .634 .444 .531 .588 .650 
19 .331 .375 .506 .413 .438 .456 .429 .444 .383 .400 .392 .538 
20 .369 .363 .388 .400 .425 .419 .388 .375 .392 .400 .481 .494 
21 .419 .383 .344 .419 .456 .500 .463 .456 .481 .469 .726 .662 
22 .388 .429 .463 .494 .481 .481 .444 .456 .475 .469 .550 .662 
23 .331 .344 .363 .375 .388 .375 .375 .383 .413 .400 .375 .383 
24 .356 .392 .425 .383 .396 .356 .400 .400 .419 .456 .383 .456 
25 .383 .400 .425 .531 .463 .475 .531 .469 .406 .500 .531 .662 
26 .429 .433 .469 .525 .481 .506 .494 .475 .481 .538 .581 .550 
27 .300 .356 .263 .317 .325 .331 .317 .338 .331 .363 .383 .325 
28 .325 .344 .325 .338 .338 .369 .331 .356 .372 .369 .375 .344 
29 .344 .306 .406 .321 .396 .331 .400 .344 .388 .356 .506 .372 
30 .383 .433 .481 .500 .494 .556 .531 .550 .650 .538 .738 .876 
31 .413 .425 .469 .433 .481 .419 .481 .450 .500 .433 .550 .475 
200 






































































































































































Table A,17 Average percent P in the leaves for 1965, 1966 and 1967 at the 
Agronomy Farm, Ames, Iowa and the Clarion-Webster Farm, Kanawha, 
Iowa 
Tmt. Agronomy Farm Clarion-Webster Farm 



























































































































































































































Table A.18 Percent K in the leaves of all hybrids grown in 1965, 1966 and 
1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X  
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Hep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 2.06 2.08 1.92 2.04 1.89 1.93 1.71 1.79 1.83 2.08 1.95 1.88 
2 2.93 2.31 2.70 2.16 2.97 2.52 2.41 2.04 2.75 2.43 2.79 2.52 
3 2.79 2.64 2.57 2.58 2.68 2.76 2.25 2.18 2.43 2.39 2.61 2.40 
4 2.48 1.86 2.21 1.68 2.25 1.83 2.07 1.71 2.45 1.62 2.34 1.68 
5 2.66 2.39 2.61 2.39 2.66 2.52 2.16 1.89 2.52 2.34 2.61 2.52 
6 1.92 2.61 1.91 2.28 2.15 2.45 1.59 2.21 1.68 2.43 1.89 2.09 
7 2.68 2.73 2.70 2.64 2.72 2.76 2.36 2.52 2.59 2.58 2.61 2.64 
8 2.48 2.37 2.21 2.04 2.21 2.28 1.85 2.19 1.80 2.04 1.82 1.98 
9 2.75 2.82 2.90 2.75 2.70 2.88 2.70 2.40 2.66 2.70 2.68 2.67 
10 2.88 2.55 2.70 2.25 2.75 2.46 2.52 2.25 2.68 2.34 2.34 2.13 
11 2.93 2.76 2.70 2.73 2.61 2.73 2.59 2.61 2.52 2.51 2.63 2.64 
12 2.45 2.40 2.30 2.25 2.30 2.31 2.07 2.01 2.32 2.32 2.16 2.10 
13 2.57 2.34 2.70 2.43 2.61 2.49 2.41 2.16 2.57 2.25 2.66 2.34 
14 2.61 2.76 2.57 2.75 2.57 2.88 2.34 2.37 2.48 2.55 2.70 2.73 
15 1.87 1.65 1.64 1.32 1.67 1.29 1.53 1.20 1.51 1.23 1.49 1.26 
16 2.68 2.58 2.58 2.35 2.72 2.54 2.40 2.24 2.57 2.31 2.38 2.32 
17 2.90 2.75 2.88 2.69 2.61 2.58 2.66 2.21 2.79 2.55 2.75 2.67 
18 2.63 2.49 2.34 2.37 2.52 2.37 2.21 2.19 2.30 2.49 2.43 2.54 
19 2,52 2.85 2.36 2.58 2.34 2.67 2.14 2.45 2.16 2.48 2.25 2.34 
20 2.43 2.52 2.28 2.67 2.16 2.40 2.16 2.34 2.16 2.46 2.25 2.56 
21 2.75 2.25 2.66 2.25 2.75 2.21 2.25 1.89 2.48 2.21 2.30 2.03 
22 2.86 2.22 2.70 2.37 2.75 2.31 2.57 2.13 2.57 2.34 2.61 2.25 
23 2.34 2.34 2.43 2.21 2.34 2.19 2.14 1.92 2.25 2.10 2.39 2.07 
24 2.88 2.49 2.68 2.40 2.75 2.55 2.50 2.31 2.70 2.34 2.68 2.43 
25 2.21 2.04 2.07 1.98 2.07 1.95 1.94 1.74 1.94 1.86 1.85 1.92 
26 2.93 2.40 2.79 2.55 3.02 2.37 2.79 2.37 2.81 2.19 2.93 2.40 
27 2.23 1.76 2.05 1.98 2.12 1.80 1.71 1.71 1.89 1.53 2.23 1.62 
28 2.68 2.37 2.84 2.43 2.86 2.40 2.39 2.15 2.61 2.25 2.75 2.28 
29 2.84 2.48 2.84 2.34 2.84 2.34 2.70 2.16 2.86 2.25 2.84 2.21 
30 1.60 2.07 1.51 1.92 1.49 1.97 1.51 1.92 1.26 1.79 1.31 1.79 
31 2.54 2.39 2,81 2.34 2.72 2.39 2.52 2.12 2.54 2.12 2.79 2.25 
203 
Table A.18 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no .  X X  X X  X X  
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 2.05 2.12 1.83 1.85 1.86 1.89 1.91 1.71 2.02 1.90 1.96 1.76 
2 2.70 2.18 2.68 2.12 2.90 2.09 2.34 1.80 2.68 2.21 2.63 1.98 
3 2.45 2.48 2.41 2.45 2.54 2.59 2.27 2.25 2.12 1.98 2.45 2.50 
4 2.14 2.05 1.76 1.91 2.07 2.09 1.78 1.87 1.98 1.94 1.85 1.98 
5 2.34 2.34 2.43 2.27 2.43 2.59 2.30 2.05 2.34 2.23 2.41 2.34 
6 2.39 2.57 1.87 2.03 2.34 2.34 1.82 2.21 2.21 2.32 2.07 2.16 
7 2.75 2.68 2.68 2.70 2.61 2.75 2.30 2.54 2.59 2.79 2.66 2.75 
8 2.27 2.48 1.94 1.85 2.27 1.94 2.03 2.03 2.36 1.85 1.96 1.80 
9 2.66 2.57 2.68 2.54 2.57 2.61 2.34 2.43 2.52 2.66 2.63 2.70 
10 2.88 2.52 2.66 2.39 2.68 2.61 2.63 2.34 2.66 2.39 2.75 2.41 
11 2.50 2.61 2.75 2.66 2.84 2.54 2.77 2.61 2.77 2.45 2.75 2.88 
12 2.39 2.57 2.30 2.39 2.34 2.27 2.39 2.25 2.23 2.39 2.43 2.39 
13 2.68 2.70 2.61 2.57 2.68 2.57 2.36 2.54 2.68 2.57 2.70 2.72 
14 2.72 2.63 2.63 2.39 2.48 2.57 2.32 2.36 2.52 2.39 2.66 2.54 
15 1.49 1.76 1.42 1.40 1.66 1.60 1.51 1.71 1.40 1.55 1.48 1.73 
16 2.65 2.55 2.59 2.52 2.58 2.51 2.43 2.46 2.62 2.51 2.66 2.71 
17 2.66 2.70 2.70 2.61 2.70 2.52 2.43 1.40 2.48 2.59 2.77 2.66 
18 2.41 2.66 2.36 2.61 2.21 2.27 2.21 2.41 2.36 2.48 2.43 2.61 
19 2.48 2.75 2.48 2.45 2.48 2.59 2.30 2.34 2.48 2.57 2.59 2.66 
20 2.32 2.75 2.50 2.61 2.43 2.61 2.34 2.59 2.36 2.61 2.70 2.84 
21 2.48 2.30 2.34 2.18 2.34 2.43 2.34 1.98 2.39 2.14 2.52 2.48 
22 2.77 2.57 2.79 2.52 2.68 2.59 2.70 2.34 2.54 2.41 2.75 2.66 
23 2.39 2.32 2.07 2.25 2.16 2.27 2.05 2.14 2.25 2.32 2.45 2.43 
24 2.52 2.48 2.61 2.57 2.59 2.34 2.59 2.57 2.52 2.43 2.52 2.57 
25 2.45 2.21 2.36 2.16 2.36 2.16 1.98 2.14 2.39 2.21 2.41 2.30 
26 2.90 2.66 2.68 2.77 2.81 2.57 2.52 2.43 2.72 2.57 2.77 2.70 
27 1.94 1.89 1.85 1.67 1.94 1.58 1.82 1.62 1.85 1.73 1.80 1.58 
28 2.63 2.52 2.77 2.27 2.52 2.25 2.43 1.94 2.48 2.16 2.77 2.21 
29 2.57 2.16 2.68 2.21 2.66 2.25 2.52 2.21 2.54 2.23 2.77 2.30 
30 1.55 1.85 1.35 1.85 1.31 1.87 1.44 1.67 1.22 1.60 1.44 1.80 
31 2.61 2.27 2.72 2.36 2.57 2.05 2.39 2.12 2.48 2.07 2.66 2.41 
204 










Rep 1 Rep 2 
1967 
1 1.57 1.56 1.51 1.57 
2 2.01 1.84 1.79 1.79 
3 1.83 1.87 1.70 1.93 
4 1.31 1.46 1.31 1.46 
5 1.94 1.86 1.89 1.95 
6 1.90 2.08 1.95 2.02 
7 2.12 2.15 1.87 2.29 
8 1.91 2.14 1.90 1.96 
9 1.91 2.35 1.79 2.33 
10 2.60 1.95 2.28 2.11 
11 2.62 3.06 2.72 2.59 
12 2.00 2.11 2,01 2.06 
13 2.65 2.39 2.86 2.32 
14 2.79 2.84 2.63 2.68 
15 1.09 1.36 1.12 1.65 
16 2.51 2.36 2.41 2.65 
17 2.85 3.08 2.84 3.08 
18 2.87 2.59 3.07 2.85 
19 2.94 3.00 2.93 2.72 
20 3.16 2.86 3.34 2.84 
21 2.30, 2.70 2.40 2.59 
22 2.62 3.07 3.27 2.89 
23 2.52 2.69 2.66 2.80 
24 2.60 3.02 2.41 3.03 
25 2.28 2.45 2.28 2.17 
26 2.83 2.98 2.77 3.37 
27 1.65 1.74 1.77 1.88 
28 2.22 2.74 2.45 2.90 
29 3.01 2.89 2.84 2.85 
30 1.20 1.78 1.11 1.71 
31 2.99 3.06 2.72 3.03 
205 
Table A.19 Percent K in the leaves of all hybrids grown in 1965, 1966 and 
1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 1.90 1.96 1.51 1.75 1.60 1.96 1.97 1.79 1.67 1.93 1.69 1.87 
2 2.16 2.48 2.25 2.43 2.34 2.70 1.98 2.34 2.12 2.52 2.57 2.57 
3 2.34 2.21 2.34 2.18 2.57 2.34 2.12 1.80 2.43 2.07 2.57 2.34 
4 1.94 1.55 1.80 1.67 2.03 1.76 1.94 1.40 1.94 1.71 2.07 1.62 
5 2.30 2.12 2.30 2.25 2.30 2.34 2.12 2.03 2.25 2.16 2.43 2.34 
6 2.12 2.14 1.98 2.03 1.89 2.03 1.76 1.80 1.85 1.96 1.98 1.69 
7 2.52 2.48 2.48 2.43 2.61 2.70 2.16 2.36 2.43 2.48 2.43 2.52 
8 1.89 1.67 1.80 2.12 1.76 2.16 1.53 1.53 1.49 2.03 1.62 1.69 
9 2.21 2.21 2.34 2.43 2.43 2.41 1.98 2.25 2.21 2.43 2.43 2.70 
10 2.21 2.25 2.21 2.34 2.21 2.39 1.94 2.25 2.30 2.43 2.12 2.16 
11 2.43 2.48 2.39 2.30 2.59 2.57 2.25 2.21 2.52 2.32 2.43 2.48 
12 2.07 2.16 1.98 2.07 1.94 2.34 1.71 2.12 2.03 2.16 2.12 2.25 
13 2.07 2.21 2.25 2.34 2.07 2.48 1.98 2.30 2.12 2.30 2.16 2.43 
14 2.43 2.32 2.43 2.48 2.57 2.75 2.25 2.25 2.39 2.12 2.39 2.52 
15 1.26 0.99 1.26 0.95 1.40 0.90 1.31 1.01 1.22 1.06 1.31 1.04 
16 2.30 2.08 2.21 2.12 2.31 2.12 2.01 1.84 2.23 2.11 2.10 2.28 
17 2.43 2.41 2.48 2.39 2.25 2.63 2.03 2.12 2.16 2.45 2.39 2.57 
18 2.12 2.21 1.94 2.03 2.39 2.25 1.80 1.80 2.12 1.98 2.07 2.00 
19 2.39 2.52 2.34 2.21 2.30 2.34 2.07 2.12 2.16 2.21 2.30 2.25 
20 2.34 2.34 2.30 2.48 2.34 2.57 1.98 2.30 2.34 2.34 2.30 2.43 
21 2.34 2.14 1.89 2.34 2.16 2.18 1.85 2.03 2.03 2.09 1.80 2.21 
22 2.43 2.34 2.43 2.21 2.43 2.30 2.21 2.16 2.52 2.03 2.43 2.25 
23 2.00 2.03 2.07 2.05 2.16 2.21 1.89 2.03 1.89 1.91 1.98 2.09 
24 2.30 2.34 2.34 2.52 2.25 2.59 2.12 2.25 2.25 2.25 2.39 2.66 
25 2.12 2.03 1.85 1.76 1.94 1.94 1.53 1.76 1.89 1.78 1.89 1.80 
26 2.39 2.41 2.07 2.30 2.21 2.48 2.12 2.07 2.07 2.25 2.25 2.48 
27 1.58 1.51 1.76 1.58 1.85 1.46 1.44 1.46 1.62 1.49 1.62 1.53 
28 2.30 2.21 2.30 2.36 2.34 2.43 2.16 2.07 2.16 2.32 2.34 2.43 
29 2.12 2.23 2.07 2.12 2.07 2.23 1.94 1.89 1.98 2.21 2.03 2.43 
30 1.58 1.60 1.26 1.44 1.31 1.71 1.17 1.35 1.22 1.31 1.17 1.24 
31 2.25 2.34 2.16 2.52 2.30 2.34 1.94 2.21 2.03 2.30 2.07 2.43 
206 
Table A.19 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 1.97 2.11 1.75 1.81 1.80 2.04 1.90 1.94 1.96 1.92 1.82 1.90 
2 2.27 2.39 2.61 2.36 2.57 2.57 2.03 2.09 2.48 2.34 2.66 2.25 
3 2.21 2.57 2.43 2.43 2.52 2.57 2.12 2.05 2.41 2.36 2.36 2.21 
4 2.30 1.89 2.16 1.80 2.16 2.00 1.94 1.64 2.16 1.96 1.53 1.89 
5 2.57 2.75 2.21 2.72 1.98 2.97 1.98 2.39 2.34 2.50 2.30 2.81 
6 2.45 2.34 2.03 2.00 2.66 2.36 2.34 2.00 2.30 2.34 2.36 2.21 
7 . 2.97 2.95 2.68 2.93 2.93 2.99 2.61 2.57 2.57 2.70 2.70 2.79 
8 2.39 1.98 2.16 1.80 2.25 2.03 2.07 1.64 2.30 1.89 1.98 1.80 
9 2.52 3.26 2.30 2.95 2.41 2.90 2.07 2.68 2.48 3.17 2.27 2.84 
10 2.88 2.84 2.61 2.32 2.66 2.32 2.27 2.34 2.68 2.32 2.84 2.25 
11 2.75 2.93 2.39 2.75 2.75 2.81 2.59 2.75 2.41 2.66 2.45 2.84 
12 2.41 2.41 2.12 2.18 2.39 2.21 2.25 2.14 2.43 2.21 2.23 2.16 
13 2.70 2.47 2.39 2.34 2.66 2.39 2.23 2.21 2.34 2.34 2.43 2.57 
14 2.45 2.70 2.52 2.70 2.84 2.63 2.25 2.43 2.34 2.48 2.61 2.52 
15 1.53 1.42 1.28 1.24 1.31 1.01 1.62 1.33 1.28 1.19 1.49 0.99 
16 2.78 2.65 2.28 2.47 2.30 2.50 2.34 2.37 2.57 2.65 2.44 2.62 
17 2.43 2.66 2.34 2.66 2.52 2.57 2.45 2.25 2.52 2.25 2.52 2.52 
18 2.48 2.70 2.34 2.63 2.30 2.48 2.21 2.52 2.43 2.61 2.27 2.48 
19 2.75 2.50 2.52 2.27 2.79 2.32 2.25 2.43 2.70 2.61 2.21 2.27 
20 2.61 2.84 2.52 2.48 2.50 2.43 2.39 2.50 2.52 2.57 2.39 2.43 -
21 2.43 2.66 2.32 2.68 2.18 2.52 2.30 2.34 2.30 2.48 2.34 2.45 
22 2.68 2.63 2.23 2.25 2.27 2.52 2.16 2.52 2.41 2.48 2.25 2.34 
23 2.32 2.39 1.94 2.30 2.21 2.50 1.80 2.03 2.07 2.25 2.12 2.34 
24 2.42 2.77 2.66 2.57 2.43 2.52 2.21 2.34 2.34 2.36 2.27 2.59 
25 2.16 2.63 2.25 2.39 2.25 2.14 2.03 2.16 2.34 2.52 2.18 2.34 
26 2.59 2.77 2.32 2.88 2.48 2.61 2.66 2.57 2.61 2.70 2.57 2.70 
27 1.98 1.69 1.53 1.35 1.73 1.51 1.67 1.49 1.53 1.49 1.71 1.44 
28 2.54 2.84 2.48 2.54 2.52 2.61 2.18 2.32 2.52 2.61 2.61 2.54 
29 2.48 2.21 2.48 2.18 2.32 2.25 2.30 2.21 2.30 2.21 2.34 2.14 
30 1.76 2.07 1.28 1.42 1.53 1.85 1.15 1.49 1.62 1.53 1.35 1.67 
31 2.39 2.30 2.52 2.61 2.48 2.34 2.39 2.39 2.52 2.34 2.61 2.21 











Rep 1 Rep 2 
1967 
1 1.20 1.16 1.43 1.57 
2 1.93 2.21 1.87 2.26 
3 2.03 2.12 1.93 1.88 
4 1.32 1.27 1.30 1.35 
5 2.23 2.43 2.14 1.91 
6 2.20 2.29 1.96 2.04 
7 2.47 2.47 2.29 2.03 
8 2.21 2.12 2.21 1.64 
9 2.37 2.23 2.21 2.06 
10 2.53 2.45 2.55 2.45 
11 2.69 2.64 2.41 2.05 
12 2.48 2.26 2.34 2.07 
13 2.52 2.50 2.52 2.26 
14 2.82 2.86 2.59 2.16 
15 1.18 1.11 0.95 0.81 
16 2.95 3.03 2.68 2.26 
17 3.16 2.91 2.97 2.74 
18 2.69 2.85 2.44 2.20 
19 2.87 2.76 2.99 2.76 
20 2.66 2.81 2.67 2.56 
21 2.70 2.68 2.60 2.56 
22 2.87 2.84 2.68 2.86 
23 2.25 2.16 2.35 2.14 
24 2.81 3.26 2.73 3.11 
25 2.51 2.39 2.62 2.19 
26 2.89 3.23 2.89 3.03 
27 1.90 1.11 1.96 1.93 
28 3.10 2.96 2.88 2.43 
29 2.89 2.82 2.85 2.43 
30 1.49 1.64 1.50 1.55 
31 3.11 2.88 3.22 3.07 
208 
Table A,20 Average percent K in the leaves for 1965, 1966 and 1967 at the 




Agronomy Farm Clarion-Webster Farm 
1965 1966 1967 1965 1966 1967 
1 1.93 1.90 1.58 1.80 1.91 1.35 
2 2.54 2.36 1.86 2.37 2.38 2.07 
3 2.52 2.37 1.84 2.28 2.35 1.90 
4 2.01 1.95 1.39 1.79 1.96 1.32 
5 2.44 2.34 1.92 2.24 2.46 2.08 
6 2.10 2.19 1.99 1.94 2.28 2.13 
7 2.63 2.65 2.11 2.47 2.78 2.32 
8 2.11 2.06 1.98 1.77 2.02 2.05 
9 2.72 2.58 2.10 2.34 2.65 2.22 
10 2.49 2.58 2.24 2.23 2.53 2.50 
11 2.66" 2.68 2.75 2.41 2.67 2.45 
12 2.25 2.36 2.05 2.08 2.26 2.29 
13 2.46 2.61 2.56 2.23 2.42 2.45 
14 2.61 2.52 2.74 2.41 2.54 2.61 
15 1.47 1.73 1.31 1.14 1.31 1.02 
16 2.47 2.57 2.50 2.14 2.50 2.66 
17 2.67 2.52 2.97 2.36 2.47 2.95 
18 2,41 2.42 2.97 2.06 2.45 2,55 
19 2.43 2.51 2.90 2.27 2.47 2.85 
20 2.36 2.55 3.05 2.34 2.51 2.66 
21 2.34 2.33 2.50 2.09 2.42 2.64 
22 2.47 2.61 2.97 2.31 2.39 2.82 
23 2.23 2.26 2.67 2.03 2.19 2.23 
24 2.56 2.53 2.77 2.35 2.46 2.98 
25 1.96 2.26 2.30 1.86 2.28 2.43 
26 2.63 2.67 2.99 2.26 2.62 3.01 
27 1.89 1.77 1.77 1.57 1.59 1.48 
28 2.50 2.41 2.58 2.28 2.53 2.85 
29 2.56 2.42 2.90 2.11 2.28 2.75 
30 1.68 1.58 1.45 1.36 1.56 1.55 
31 2.46 2.39 2.96 2.24 2.42 3.08 
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Table A.21 Percent CI in the leaves of all hybrids grown in 1965 and 1966 
at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
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0.42 0.23 0. 20 
1.57 1.20 0.97 
0.70 0.99 1. 34 
0.77 0.41 0. 37 
1.67 0.96 1. 04 
1.27 0.86 0. 84 
1.67 0.72 1. 03 
1.04 0.79 0. 73 
1.47 0.89 0. 94 
1.20 0.55 0. 67 
1.44 0.83 0. 94 
1.10 0.55 0. 70 
1.27 0.93 0. 84 
1.14 0.76 0. 80 
0.13 0.14 0. 23 
1.00 0.74 0. 82 
1.34 0.86 1. 00 
1.20 0.72 0. 77 
1.14 0.72 0. 87 
1.10 0.83 0. 80 
0.94 0.69 0. 67 
1.27 0.69 0. 73 
0.80 0.62 0. 57 
1.04 0.69 0. 77 
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Table A.21 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no .  X  X X X  X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 0.85 0.55 0.42 0.30 0.50 0.37 0.65 0.57 0.86 0.64 0.45 0.43 
2 1.89 1.34 1.26 0.77 1.26 0.94 1.49 1.14 1.96 1.27 0.96 0.70 
3 1.53 1.33 0.93 0.53 0.70 0.80 1.16 0.80 0.96 0.90 0.50 0.46 
4 0.73 0.86 0.53 0.46 0.50 0.53 0.83 0.76 0.86 1.19 0.47 0.53 
5 1.66 1.68 1.06 0.86 1.06 1.21 1.16 1.58 1.49 1.54 0.80 1.04 
6 1.23 1.06 0.83 0.60 1.06 0.83 1.19 1.19 1.43 1.13 1.00 0.70 
7 1.43 1.33 0.83 0.97 1.00 1.19 1.46 1.33 1.49 1.43 0.90 1.13 
8 1.16 1.23 0.73 0.70 0.80 0.73 1.23 1.06 1.26 1.13 0.83 0.66 
9 1.49 1.46 0.83 0.70 0.90 0.93 1.36 1.29 1.56 1.49 0.96 0.96 
10 1.16 1.01 0.80 0.54 1.06 0.94 1.10 0.91 1.23 1.07 0.86 0.80 
11 1. 16 1.29 0.73 0. 76 1.16 1.09 1.36 1. 19 1.49 1.33 0.86 1.06 
12 0. 93 1.11 0.50 0. 57 0.90 0.77 1.10 0. 94 1.06 0.97 0.70 0.67 
13 1. 26 1.03 0.86 0. 70 1.13 0.86 1.26 1. 13 1.36 1.23 0.90 0.83 
14 1. 09 0.97 0.93 0. 70 0.96 1.03 1.19 0. 93 1.33 1.00 0.90 0.86 
15 0. 50 0.60 0.33 0. 47 0.33 0.47 1.13 0. 70 0.53 0.64 0.33 0.57 
16 1. 10 1.11 0.75 0. 72 0.88 0.94 1.08 1. 11 1.31 1.27 0.83 0.86 
17 1. 20 1.16 0.93 0. 73 1.06 0.93 1.20 0. 43 1.33 1.39 0.90 0.77 
18 1. 03 1.16 0.66 0. 80 0.83 0.86 1.03 1. 00 1.13 1.16 0.83 0.83 
19 1. 03 1.03 0.66 0. 60 0.83 0.80 1.09 0. 90 1.09 1.06 0.86 0.73 
20 1. 00 1.04 0.73 0. 77 0.86 0.97 1.13 1. 14 1.19 1.27 0.86 0.84 
21 1.00 0.91 0. 63 0. 67 0.83 0.80 0.86 0.80 1.13 1.07 0.70 0. 77 
22 1.03 0.97 0. 73 0. 77 1.06 0.87 1.06 1.04 1.23 1.24 0.90 0. 84 
23 0.90 0.63 0. 63 0. 50 0.86 0.63 1.06 0.66 1.03 0.73 0.76 0. 70 
24 1.03 1.14 0. 86 0. 77 1.10 0.94 1.13 1.21 1.16 1.34 0.90 0. 80 
25 0,77 0.77 0. 66 0. 54 0.77 0.64 0.86 0.70 0.96 0.91 0.70 0. 64 
26 1.13 1.14 0. 60 0. 87 1.03 0.91 1.03 1.14 1.10 1.24 0.83 0. 84 
27 0.53 0.70 0. 43 0. 44 0.50 0.40 0.63 0.47 0.60 0.60 0.50 0. 50 
28 0.93 1.23 0. 73 0. 70 0.96 0.76 0.93 1.06 1.23 0.96 0.80 0. 73 
29 0.93 0.87 0. 66 0. 67 0.86 0.91 1,00 0.84 1.16 0.97 0.73 0. 77 
30 0.50 0.47 0. 43 0. 40 0.37 0.50 0.43 0.46 0.50 a. 63 0.50 0. 37 
31 0.96 1.07 0. 76 0. 74 0.93 0.84 1.00 1.11 1.03 1.11 0.80 0. 74 
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Table A.22 Percent Cl in the leaves of all hybrids grown in 1965 and 1966 
at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
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6 0.47 0. 71 0.53 0.47 0.53 0. 54 0.77 0. 88 0.80 0.81 0.60 0.68 
7 0.90 0. 94 0.67 0.67 0.67 0. 73 1.20 1. 14 1.27 1.07 0.67 0.84 
8 0.80 0. 54 0.27 0.41 0.47 0. 54 0.73 0. 61 0.47 0.81 0.40 0.54 
9 0.73 0. 80 0.37 0.50 0.50 0. 37 0.94 1. 00 0.94 0.87 0.47 0.57 
10 0.73 0. 57 0.47 0.40 0.40 0. 43 0.87 0. 70 0.80 0.67 0.53 0.53 
11 0.87 0. 87 0.40 0.53 0.60 0. 47 0.94 0. 97 0.80 0.70 0.60 0.70 
12 0.67 0. 60 0.40 0.27 0.33 0. 33 0.73 0. 70 0.67 0.53 0.60 0.33 
13 0.67 0. 60 0.47 0.23 0.40 0. 43 0.73 0. 73 0.80 0.73 0.40 0.50 
14 0.80 0. 73 0.60 0.53 0.67 0. 67 0.87 0. 87 0.94 0.87 0.60 0.80 
15 0.30 0. 24 0.20 0.24 0.33 0. 34 0.13 0, 47 0.40 0.37 0.27 0.30 
16 0.62 0. 71 0.42 0.51 0.44 0. 48 0.59 0. 88 0.73 0.74 0.44 0.5? 
17 0.80 0. 73 0.50 0.43 0.47 0. 43 0.77 0. 84 0.87 0.84 0.53 0.4/ 
18 0.50 0. 61 0.37 0.54 0.47, 0. 40 0.70 0. 74 0.67 0.61 0.40 0.47 
19 0.73 0. 57 0.30 0.27 0.67 0. 30 0.80 0. 47 0.80 0.50 0.50 0.13 
20 0.67 0. 73 0.47 0.53 0.33 0. 40 0.67 0. 80 0.67 0.67 0.47 0.50 
21 0.50 0. 50 0.33 0.30 0.60 0. 47 0.63 0. 90 0.73 0.67 0.37 0.53 
22 0.63 0. 47 0.37 0.33 0.53 0. 43 0.67 0. 53 0.80 0.53 0.47 0.33 
23 0.37 0. 53 0.40 0.63 0.53 0. 53 0.50 0. 67 0.63 0.60 0.33 0.53 
24 0.80 0. 77 0.50 0.57 0.57 -0. 60 0.84 0. 97 0.70 0.77 0.50 0.-70 
25 0.67 0. 47 0.43 0.40 0.40 0. 40 0.57 0. 47 0.47 0.53 0.33 0.47 
26 0.73 0. 57 0.47 0.40 0.40 0. 53 0.67 0. 80 0.84 0.60 0L43 0.53 
27 0.17 0. 27 0.17 0.40 0.13 0. 40 0.10 0. 47 0.17 0.40 0.17 0.37 
28 0.80 0. 81 0.53 0.54 0.60 0. 74 0.94 0. 91 0.84 0.78 0.57 0.61 
29 0.53 0, 74 0.47 0.54 0.40 0. 54 0.73 0. 78 0.73 0.84 0.47 0.51 
30 0.40 0. 13 0.27 0.07 0.27 0. 07 0.20 0. 07 0.47 0.10 0.20 0.10 
31 0.67 0. 67 0.40 0.53 0.60 0. 50 0.77 0. 70 0.77 0.87 0.43 0.47 
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Table A.22 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 












































































1 .06  
0.53 
0 . 8 6  






1 . 0 6  







0. 49 0. 43 0. 44 0. 67 0. 81 
0. 95 0. 70 0. 68 0. 73 1. 25 
0, 60 0. 60 0. 93 0. 63 1. ,15 
0. 37 0. 30 0. 34 0. 53 0. 41 
0. 81 0. 77 0. 78 0. 93 1. 28 
0. 64 0. 50 0. 78 0. 70 1. 22 
0. 84 0. 83 0. 95 1. 06 1. 32 
0. 60 0. 60 0. 76 0. 76 0. 96 
0. 77 0. 77 0. 73 0. 87 1. 00 
0. 74 0. 67 0. 81 0. 67 1. 05 
0. 71 0. 77 0. 87 0. 83 1. 28 
0. 61 0. 63 0. 74 0. 60 0. 98 
0. 71 0. 60 0. 88 0. 90 1. 11 
0. 78 0. 73 0. 88 0. 93 1. 08 
0. 44 0. 37 0. 54 0. 43 0. 64 
0. 62 0. 65 0. 84 0. 83 0. 94 
0. 64 0. 77 1. 01 0. 80 1. 08 
0. 64 0. 66 0. 74 0. 80 1. 08 
0. 64 0. 70 0. 81 0. 67 0. 95 
0. 67 0. 77 0. 80 0. 90 1. 06 
0. 74 0. 87 0. 84 0. 77 1. 01 
0. 53 0. 63 0. 73 0. 87 0. 83 
0. 37 0. 73 0. 68 0. 96 0. 61 
0. 74 0. 73 0. 98 0. 93 0. 95 
0. 57 0. 57 0. 70 0. 80 0. 78 
0. 57 0. 70 0. 80 0. 83 1. 00 
0. 33 0. 47 0. 27 0. 53 0. 61 
0. 68 0. 70 0. 88 0. 90 1. 01 
0. 68 0. 50 0. 68 0. 66 1. 08 
0. 44 0. 43 0. 41 0. 30 0. 44 
0. 68 0. 80 0. 78 0. 87 1. 07 










1 .26  
0.80 
0.93 




1 .00  
0.87 
1.00 
1 .00  
1 . 2 0  
0.93 
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Table A.23 Average percent Cl in the leaves in 1965 and 1966 at the 
Agronomy Farm, Ames, Iowa and the Clarion-Webster Farm, Kana; 
Iowa 
Tmt. Agronomy Farm Clarion-Webster Farm 
no. 1965 1966 1965 1966 
1 0.308 0.549 0.497 0.647 
2 1.355 1.248 1.017 1.017 
3 1.149 0.883 0.906 0.890 
4 0.536 0.687 0.447 0.497 
5 1.407 1.262 0.868 1.081 
6 0.991 1.021 0.649 0.839 
7 1.222 1.207 0.897 1.127 
8 0.937 0.960 0.549 0.795 
9 1.084 1.161 0.672 0.922 
10 0.917 0.957 0.592 0.913 
11 1.069 1.123 0.704 1.012 
12 0.817 0.852 0.513 0.781 
13 " 0.991 1.046 0.557 0.877 
14 0.988 0.991 0.746 0.929 
15 0.196 0.550 0.299 0.531 
16 0.889 0.997 0.590 0.832 
17 1.057 1.002 0.640 0.957 
18 0.903 0.943 0.540 0.832 
19 0.863 0.890 0.503 0.814 
20 0.951 0.983 0.576 0.878 
21 0.757 0.847 0.544 0.912 
22 0.986 0.978 0.507 0.832 
23 0.703 0.757 0.512 0.752 
24 0.892 1.032 0.691 0.947 
25 0.826 0.743 0.467 0.778 
26 1.012 0.989 0.581 0.893 
27 0.245 0.525 0.268 0.489 
28 0.878 0.918 0.722 0.897 
29 0.847 0.864 0.607 0.807 
30 0.354 0.463 0.196 0.429 
31 0.872 0.924 0.615 0.887 
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Table A.24 Grain yields (bu/A) of all hybrids grown in 1965, 1966 and 1967 
at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 BJA A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 97.7 82.6 88.8 83.5 86.6 79.2 100.1 88.9 104.0 74.8 96.7 103.6 
2 70.3 71.7 90.8 68.0 48.3 69.8 85.6 63.9 67.9 68.4 99.3 93.5 
3 70.2 69.7 96.1 62.2 54.6 59.4 79.6 30.4 33.6 23.8 85.7 53.0 
4 98.2 76.6 113.3 81.9 60.1 57.1 75.8 65.5 51.6 52.9 109.0 101.8 
5 76.2 76.7 84.2 113.6 72.1 64.2 50.9 79.2 31.4 35.1 80.6 119.1 
6 122.1 112.1 144.1 114.3 111.3 40.3 144.9 94.4 92.5 63.4 150.2 113.0 
7 116.4 123.7 134.6 133.1 135.4 83.2 126.4 110.5 124.1 84.0 134.6 128.6 
8 129.1 95.4 130.8 119.3 106.2 57.2 116.6 94.8 91.8 58.2 156.9 96.8 
9 130.3 112.0 142.9 139.8 67.5 36.2 121.0 121.0 91.6 55.1 146.2 91.5 
10 111.3 123.1 125.3 145.8 77.9 83.0 84.0 130.9 46.9 101.5 134.3 143.5 
11 126.0 123.0 91.9 100.4 111.7 79.3 103.4 87.1 144.2 67.5 133.3 107.1 
12 141.6 127.7 138.6 138.0 119.7 106.6 116.8 116.6 120.2 100.1 147.5 156.1 
13 124.4 131.6 129.6 151.0 96.6 90.9 118.6 130.2 77.8 92.9 131.4 130.0 
14 91.6 131.4 91.5 132.5 96.2 96.2 105.1 125.8 89.9 110.2 109.9 125.2 
15 112.2 110.8 125.3 127.5 97.5 80.3 93.1 105.9 88.0 99.7 114.1 114.8 
16 130.5 119.9 135.9 134.1 92.6 67.7 125,3 100.7 104.7 82.0 145.4 132.6 
17 126.9 125.2 133,3 134.6 121.2 95,9 122,0 113.8 84.7 90.3 138.7 129.9 
18 69.0 131.6 150.1 134.0 81.9 62.4 130.2 123.0 97.9 88.7 116.4 94.3 
19 127.6 122.4 107.8 123.4 83.7 79.1 125.5 120.7 100.3 93.9 130.4 116.8 
20 117.1 115.8 134.0 127.9 75.4 100.9 121.1 112.2 98.1 84.6 133.3 134.8 
21 121.3 138.9 108.8 145.2 77.0 136.0 106.2 140.9 89.5 105.4 119.2 148.5 
22 124.9 126.1 141.7 146.0 78.3 80.0 135.3 112.2 86.9 76.4 134.4 139.0 
23 103.8 124.3 142.8 128.8 73.0 92.2 114.0 120.4 107.5 111.5 146.4 139.4 
24 112.8 126.5 125.6 126.5 75.7 71.9 98.1 120.2 89.2 94.1 119.3 113.7 
25 131.5 118.9 133.7 133.7 92.5 82.1 137.5 118.1 96.4 101.9 141.8 128.7 
26 121.7 122.6 148.7 107,9 85.9 63.8 118.7 99.9 116.3 95.3 126.3 129.2 
27 89.8 94.1 68.9 89.2 68.5 95.4 99.3 95.0 102.8 112.5 72.7 99.1 
28 98.9 77.2 112.9 105.8 71.5 83.5 100.0 85.4 99.7 63.7 92.1 97.7 
29 105,6 129,1 136.9 130.0 89.5 108.4 123.4 128.9 88.7 106.8 131.5 136.2 
30 121.7 101.2 114.7 127.8 82.2 53.7 83.7 98.5 95.6 80.3 129.2 125.3 
31 135.0 118.9 143.1 139.3 75.8 98.1 119.1 123.8 109.7 105.4 145.0 132.4 
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Table A.24 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X  
Oh 43 B_U A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 110. 8 102.7 109.7 114. ,4 104.9 96.6 104.1 111. 2 137.3 103.3 112. 4 140.1 
2 78. 2 101.2 95.0 119. ,8 51. 2 112.1 42.7 111. 5 60.3 113.5 62. 5 143.4 
3 73. 8 73.4 70.1 59. 7 50. 1 59.0 44.0 17. 3 25.9 41.1 49. 1 52.6 
4 86. 7 101.1 122.4 108. 1 81. 3 91.1 87.8 89. 8 86.3 119.4 104. 8 146.0 
5 94. 5 114.9 96.6 162. 3 97. 3 116.4 35.2 108. 7 70.7 93.2 63. 9 150.9 
6 127. 8 114.9 188.1 163. 8 136. 9 109.8 193.4 141. 3 123.7 109.3 201. 3 154.2 
7 119. 1 127.7 165.9 171. 0 141. 5 117.5 154.7 143. 6 120.3 115.3 151. 7 158.4 
8 119. 8 103.7 168.1 130. 1 148. 5 129.3 140.7 125. 3 127.0 109.2 206. 4 155.3 
9 97. 1 118.1 139.3 162. 6 129. 5 104.0 142.5 142. 9 133.0 103.2 170.9 135.4 
10 115. 6 144.1 148.9 165. 3 114. 8 91.6 135.1 150. 2 95.8 140.5 152. 3 179.0 
11 127. 8 161.3 122.0 136. 0 115. 0 86.1 130.4 112. 4 106.0 96.9 148. 3 125.6 
12 116. 5 134.1 162.6 161. ,3 141. 0 149.1 138.1 170. 9 124.2 120.8 160. 4 196.1 
13 109. 1 129.1 170.4 158. 0 113. 4 101.1 150.3 145. 2 118.4 122.7 147. 6 152.0 
14 130. 3 129.1 155.8 153. 7 119. 9 100.1 143.2 135. 8 112.0 120.2 129. 5 136.6 
15 121. 4 139.6 130.6 139. 8 133. 2 143.2 117.8 144.7 109.3 131.2 123. 7 156.7 
16 130. 0 133.4 155.7 158. 6 117. 8 109.6 153.2 136. 6 120.8 130.9 155. 0 149.2 
17 121. 4 117.7 169.9 152.4 127. 0 128.4 135.9 145. 7 104.9 121.1 146. 4 171.2 
18 133. 5 125.5 167.1 137. 8 141. 1 163.0 155.6 125. 4 114.9 121.8 149. 2 121.0 
19 114. 8 121.1 175.4 156. 9 142. 6 107.4 179.7 153. 6 111.9 114.3 185. 2 163.2 
20 135. 7 124.0 171.2 169. 1 121. 6 156.7 143.4 156. 0 109.5 114.7 141. 6 163.3 
21 113. 4 133.2 149.2 165. 6 111. 8 158.0 133.5 152. 3 88.9 111.0 132. 8 153.6 
22 151. 0 113.6 175.7 141.8 124.6 148.9 162.8 153. 5 114.3 123.1 136. 9 143.3 
23 137.1 104.1 171.0 118. 8 106. 9 112.2 142.3 140. 7 113.5 114.4 161. 3 155.6 
24 131. 7 121.9 156.1 145. 2 113. 9 114.5 129.2 145. 3 102.0 131.2 136. 3 149.5 
25 133. 6 139.1 162.4 176. 3 106. 9 167.2 156.4 161. 3 113.0 123.7 154.0 156.5 
26 131. 2 126.0 158.2 146. 8 115. 0 136.2 151.4 150.4 109.6 113.0 152. 3 168.9 
27 107. 2 126.6 103.7 109. 1 74. 1 122.4 121.2 115. 9 106.2 125.5 91. 8 146.3 
28 108. 5 137.6 151.3 138. 9 106. 5 89.8 108.4 105. 8 123.5 105.1 142. 9 94.3 
29 127. 5 122.9 158.0 191. 7 105. 9 125.9 131.8 150. 1 106.5 122.1 139. 5 129.1 
30 104. 9 115.5 135.6 142. 8 114.0 118.0 119.7 117. 3 100.3 119.3 131. 9 151.1 
31 134. 2 120.3 151.4 100. 5 135. 3 137.8 127.6 117.8 117.0 127.8 153. 0 164.6 











Rep 1 Rep 2 
1967 
1 76.4 87.9 81.3 94.0 
2 44.9 99.8 44.6 91.1 
3 43.6 37.9 40.6 33.4 
4 73.0 87.4 62.0 120.2 
5 58.8 100.5 41.6 76.7 
6 146.9 134.6 166.1 143.0 
7 143.1 148.3 144.5 152.9 
8 141.1 141.1 141.7 147.0 
9 147.7 134.4 134.6 160.2 
10 102.0 153.3 112.5 157.9 
11 110.9 112.3 106.4 106.2 
12 168.3 161.7 151.4 158.3 
13 120.0 127.1 117.9 131.1 
14 91.1 132.8 90.1 123.0 
15 133.9 139.0 124.4 138.3 
16 137.7 118.2 135.5 127.4 
17 111.9 104.2 99.4 111.6 
18 143.8 122.9 120.5 118.6 
19 111.9 116.0 102.9 113.4 
20 118.4 139.0 95.7 132.6 
21 142.5 162.0 120.4 146.7 
22 75.0 120.0 72.2 113.0 
23 100.6 133.6 103.7 122.6 
24 71.7 86.7 61.5 86.3 
25 133.4 141.9 119.6 155.3 
26 101.9 83.0 89.9 62.8 
27 70.2 98.2 85.3 97.8 
28 108.2 73.8 90.4 51.5 
29 99.6 121.3 80.1 96.1 
30 113.5 106.7 81.3 95.9 
31 120.5 133.6 98.1 125.7 
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Table A.25 Grain yields (bu/A) of all hybrids grown in 1965, 1966 and 1967 
at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1965 
1 115.4 96.3 110. 3 106.6 108. 9 106. 4 110. 2 105.4 115.0 112.1 131. 0 113. 9 
2 104.2 92.0 119. 6 101.4 109. 9 91. 9 108. 1 88.0 112.3 88.2 119. 5 96. 9 
3 94.4 101.9 128. 9 104.0 104. 5 89. 9 103. 3 90.4 111.2 94.1 115. 1 106. 5 
4 98.3 102.7 78. 4 106.0 93. 8 95. 7 81. 6 99.3 94.6 91.9 105. 4 109. 5 
5 115.7 118.4 117. 4 140.4 121. 6 114. 3 121. 4 115.4 119.4 116.3 132. 3 140. 9 
6 132.2 113. 0 140.3 120.9 130. 2 121.3 128.6 131.5 121.5 102.3 160. 2 135. 3 
7 101.1 104. 5 118.8 129.0 91. 1 123.6 111.9 115.0 103.3 116.7 124. 5 152. 1 
8 114.9 114. 9 109.9 121.2 118. 7 116.1 118.6 126.7 104.0 107.6 125. 3 135. 6 
9 103.8 118.7 118.6 122.2 112. 5 129.1 129.0 122.4 112.4 106.1 125. 4 143. 4 
10 115.3 128. 0 110.2 121.9 129. 2 126.8 97.0 132.7 116.4 111.3 137. 7 144. 9 
11 117.6 113. 4 124.7 127.8 115. 2 123.8 125.8 115.3 120.6 111.2 144. 4 128. 4 
12 127.2 119. 8 117.0 123.7 103. 4 106.1 129.6 129.3 108.2 108.7 135. 0 130. 3 
13 120.1 104. 0 114.2 121.5 135. 3 117.1 114.9 133.1 120.4 104.5 137. 5 133. 4 
14 115.1 110. 1 126.4 133.2 132. 5 118.9 126.6 128.1 123.7 118.7 141. 4 132. 4 
15 122.7 114. 6 121.7 117.9 115. 6 111.6 116.5 114.3 119.4 122.8 112. 3 128. 0 
16 112.4 121. 6 123.5 127.1 118. 0 114.1 105.4 132.8 119.7 132.9 133. 3 137. 0 
17 122.7 120. 0 128.9 113.2 122. 1 120.2 131.6 100.5 116.5 124.8 142. 2 121. 7 
18 91.8 109. 0 130.8 116.5 124. 8 98.0 103.3 124.6 111.4 112.3 137. 1 120. 6 
19 115.3 120. 4 116.0 126.4 111. 9 135.9 113.8 131.3 118.8 121.6 121. 5 133. 5 
20 130.6 115. 2 137.9 127.7 142. 7 115.3 123.2 123.7 137.7 120.1 152. 0 146. 3 
21 131.9 121. 0 116.8 130.9 133. 4 120.7 119.0 108.5 109.9 118.5 137. 5 131. 3 
22 116.7 115. 9 126.5 131.9 120. 5 120.1 128.9 110.2 119.7 112.3 135. 6 126. 3 
23 124.4 115. 9 119.1 123.9 125. 3 120.8 114.3 108.4 122.8 116.5 148. 0 132. 6 
24 124.8 121. 2 125.5 126.0 118. 9 123.2 134.6 117.0 124.0 127.9 143. 0 139. 0 
25 131.9 120. 1 118.7 123.6 126. 3 119.2 111.9 107.4 119.9 112.1 139. 6 131. 8 
26 133.3 129. 2 142.2 132.4 135. 1 117.8 125.7 125.3 128.2 115.6 154. 8 136. 6 
27 106.4 101. 4 104.3 103.3 105. 7 110.6 98.6 102.5 103.0 101.1 113. 3 106. 6 
28 143.5 115. 1 137.4 118.2 129. 5 111.7 133.8 116.3 133.3 120.2 143. 5 129. 6 
29 130.0 110. 3 131.2 120.5 129. 2 121.6 121.6 114.1 122.2 116.4 132. 8 129. 8 
30 112.5 125. 7 114.7 129.2 116.3 121.7 114.0 125.5 108.7 118.5 117. 0 115. 7 
31 130.9 124.9 138.5 126.3 125. 8 106.5 127.8 108.8 114.9 123.2 141. 8 137. 8 
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Table A.25 (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 BJ^ A 257 B_14 A 257 B 14 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1966 
1 107. 4 107. 1 115.7 112.3 96.0 89.8 109.8 84.1 95.0 90. 7 128. 5 96.9 
2 95. 2 71. 1 103.5 74.0 89. 0 68.1 64.5 38.9 86.3 48. 1 93. 1 55.5 
3 95. 3 81. 4 105.8 77.9 77. 5 55.5 66.1 26.9 85.6 49. 0 83. 1 68.8 
4 89.9 98. 4 76.2 74.1 63. 3 78.2 45.2 89.0 72.2 60. 3 75. 2 94.0 
5 140. 6 109. 1 141.7 103.2 139. 2 82.7 90.0 51.4 131.7 69. 5 154.4 117.7 
6 139. 6 125. 7 151.2 158.0 128. 8 140.7 155.3 147.4 110.7 118. 4 156. 9 141.9 
7 124. 5 147. 5 159.9 171.1 142. 7 148.7 149.4 147.6 126.4 129.6 157.4 180.1 
8 129. 5 135. 3 163.2 154.6 133. 7 153.0 153.2 142.9 112.0 141. 3 142. 5 175.7 
9 130. 8 148. 4 161.9 17,5.6 137. 7 162.6 145.5 147.7 124.8 129. 5 170. 5 174.8 
10 143. 5 130. 4 182.2 168.7 152. 2 134.6 174.2 141.0 152.4 153. 1 170. 8 157.0 
11 122. 2 142. 1 170.0 171.9 123. 6 152.3 149.3 172.9 116.9 138. 1 151. 2 175.2 
12 155. 4 152. 0 166.0 173.0 145. 0 114.9 163.8 171.9 144.1 124. 8 180. 5 159.5 
13 163. 9 143. 4 182.4 176.8 167. 7 148.4 166.6 142.2 143.0 109. 7 185. 7 162.2 
14 127. 2 147. 4 146.4 144.5 137. 5 132.5 155.2 135.0 111.4 131. 0 140. 7 157.0 
15 138. 5 126. 9 152.2 138.9 135. 4 105.0 143.3 148.2 127.3 116. 8 148. 7 140.2 
16 134.4 146. 0 163.7 162.7 135. 0 130.1 148.2 151.2 112.4 132. 2 139. 9 156.3 
17 162. 0 148. 7 169.6 170.2 146. 3 136.4 154.0 152.3 125.9 145. 3 174. 7 165.8 
18 178. 0 137. 9 189.0 150.2 151. 3 134.1 159.9 147.4 126.4 121. 6 188. 9 144.1 
19 140. 2 144. 6 154.9 152.0 126. 1 144.7 149.8 141.8 126.6 120. 1 118. 0 126.9 
20 145. 4 143. 7 175.6 162.6 156. 0 145.4 142.9 164.0 126.2 118. 0 154.5 145.4 
21 141. 1 137. 6 154.2 176.7 129. 2 133.2 141.6 150.1 115.5 135. 3 147. 5 187.9 
22 136. 5 147. 7 175.0 174.0 134. 9 136.8 166.9 145.1 120.2 121. 1 140. 3 149.5 
23 140. 3 143. 5 134.4 164.0 158. 1 145.8 132.4 132.1 135.0 147. 0 173. 0 158.3 
24 132. 7 148. 4 153.6 133.4 135. 5 122.9 165.5 136.6 119.8 123. 9 130. 3 144.8 
25 145. 6 149. 1 159.2 163.6 144. 7 143.7 145.8 154.6 113.5 142. 2 157. 8 179.3 
26 144. 2 132. 2 144.5 176.3 122. 2 145.0 140.6 139.7 133.9 124. 4 156. 2 145.3 
27 133. 7 101. 9 114.6 84.0 143. 5 136.5 136.2 117.9 116.5 132. 1 121. 2 120.7 
28 147. 1 127. 2 135.6 107.9 132. 2 138.6 106.4 116.9 131.8 133. 1 159. 1 136.1 
29 143. 5 131. 7 161.8 134.8 125. 8 144.3 152.3 139.4 150.9 159. 9 156. 0 154.0 
30 134. 6 122. 9 157.4 134.8 139. 6 129.8 111.6 151.7 124.7 119. 9 113. 9 138.3 
31 150. 8 140. 5 177.5 170.9 128. 8 123.2 152.0 147.3 124.0 127. 8 161. 6 160.0 
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Rep 1 Rep 2 Rep 1 Rep 2 
1967 
1 74.3 60.2 71.6 54.3 
2 53,4 40.0 47.0 41.8 
3 55.0 39.9 50.7 39.5 
4 43.2 48.9 44.3 85.9 
5 89.8 66.0 71.5 70.3 
6 144.2 110.8 154.1 132.7 
7 116.7 125.8 123.9 136.9 
8 162.3 126.8 140.6 132.6 
9 134.5 128.2 135.4 133.6 
10 137.4 137.2 137.8 133.2 
11 136.7 146.7 130.1 151.3 
12 132.2 137.1 136.5 132.9 
13 145.8 139.4 147.2 139.1 
14 118.2 103.6 122.0 94.0 
15 130.5 84.0 132.3 107.3 
16 142.3 137.1 127.7 152.3 
17 128.6 124.0 123.9 118.5 
18 146.3 131.0 118.8 130.9 
19 146.6 141.0 150.5 138.3 
20 158.5 130.2 136.9 133.6 
21 133.2 137.7 113.2 130.1 
22 117.9 136.1 118.8 140.8 
23 132.7 106.9 142.6 122.4 
24 92.2 84.6 62.7 76.7 
25 139.5 138.6 132.8 115.7 
26 118.9 89.0 114.1 67.5 
27 104.1 68.3 111.0 84.4 
28 96.6 67.9 87.7 96.5 
29 116.1 140.3 60.7 136.5 
30 129.5 141.0 118.7 146.1 
31 108.2 125.3 79.1 100.1 
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Table A.26 Average yields (bu/A) for 1965, 1966 and 1967 at the Agronomy 
Farm, Ames, Iowa and the Clarion-Webster Farm, Kanawha, Iowa 
Tmt, Agronomy Farm Clarion-Webster Farm 
no. • 1965 1966 1967 1965 1966 1967 
1 90.5 112.3 84.8 111.0 102.8 65.0 
2 74.8 90.9 70.1 102.7 73.9 45.6 
3 59.9 51.3 38.9 103.7 72.7 46.2 
4 78.6 102.1 85.6 96.4 76.3 55.6 
5 74.4 100.4 69.4 122.8 110.9 74.4 
6 108.5 147.1 147.7 128.1 139.6 135.4 
7 119.5 140.6 147.2 116.0 148.8 125.8 
8 104,4 138.6 142.8 117.8 144.7 140.6 
9 104.6 131.5 144.1 120.3 151.7 133.0 
10 109.0 136.1 131.4 122.6 150.0 136.4 
11 106.2 122.3 109.0 122.5 148.8 141.2 
12 127.4 147.9 159.9 119.9 154.2 134.6 
13 117.1 134.8 124.0 121.3 157.7 142.6 
14 108.8 130.5 109.3 125.6 138.8 109.4 
15 105.8 132.6 133.9 118.1 135.1 113.5 
16 114.3 137.6 129.7 123.1 142.7 140.0 
17 118.0 136.8 106.8 122.0 154.3 123.8 
18 106.6 138.0 126.7 115.0 152.4 131.7 
19 111.0 143.8 111.1 122.2 137.1 144.1 
20 112.9 142.2 121.4 131.0 148.3 139.8 
21 119.7 133.6 142.9 123.3 145.8 128.5 
22 115.1 140.8 . 95.0 122.0 145.7 128.4 
23 117.0 131.5 115.2 122.7 147.0 125.9 
24 106.1 131.4 76.6 127.1 137.3 79.0 
25 118.1 145.9 137.5 121.9 149.9 131.6 
26 111.3 138.2 84.4 131.3 142.0 97.4 
27 90.6 112.5 87.9 104.7 121.6 92.0 
28 90.7 117.7 81.0 127.7 131.0 87.2 
29 117.9 134.2 99.2 123.3 146.2 113.4 
30 101.2 122.5 99.4 118.3 131.6 133.8 
31 120.5 132.3 119.4 125.7 147.0 103.2 
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Table A.27 Barren stalks (1000/A) of all hybrids grown in 1965, 1966 and 
1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1965 
1 0.5 0.2 1.2 1.1 1.4 1.0 
2 1.8 1.5 . 2.5 2.5 3.2 0.5 
3 0.8 0.7 3.9 6.4 7.8 3.2 
4 1.3 0.9 4.6 4.9 7.2 1.3 
5 0.5 0.6 3.1 4.2 8.6 2,2 
6 0.7 0.8 4.6 1.9 4.1 1.1 
7 0.5 0.2 2.5 1.5 2.4 0.7 
8 1.1 1.1 4.1 1.9 4.7 2.5 
9 0.3 0.5 9.9 0.9 6.3 3.1 
10 1.3 1.3 3,6 2.2 5.5 1.8 
11 0.3 4.0 3.2 3.8 3.2 2.5 
12 0.2 0.9 2.5 2.4 1.8 1.1 
13 0.5 0.5 2.8 2.1 4.6 1.4 
14 0.0 1.8 1.9 1.0 1.3 0.0 
15 0.3 0.5 • 3.3 0.8 2.2 0.7 
16 0.7 1.2 5.2 1.0 3.2 1.1 
17 0.0 0.8 2.1 0.9 3.8 0,9 
18 1.3 0.5 7.2 0.2 3.7 2.2 
19 0.3 0.3 4.6 0.9 2.4 1.6 
20 1.9 0.7 5.0 0.5 2.6 0.5 
21 0.2 0.9 2.5 0.9 2.2 0,8 
22 7.4 2.9 4.4 3.1 6.6 1.5 
23 0.3 0.6 3.2 1.8 1.6 0.2 
24 1.4 1,3 3.5 1.6 4.1 0.8 
25 0.2 0.6 3.9 1.3 3.6 1.6 
26 0.6 0.9 5.5 2.5 2.1 1.1 
27 0.2 0.5 0.9 0.5 0.0 1.3 
28 0.6 0.0 0.8 1.4 2.1 1.8 
29 0.8 0.5 2.4 1.1 2.9 0.3 
30 1.6 0.5 6.3 2.8 2.5 1.6 
31 1.1 0.5 2.7 0.6 0,6 1.4 
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Table A. 28 Barren stalks (1000/A) of all hybrids grown in 1965, 1966 and 
1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1965 - -
1 0.0 0.3 0.2 0.0 0.1 0.0 
2 0.0 0.0 0.3 0.3 0.2 0.2 
3 0.3 0.0 0.3 0.0 0.0 - 0.0 
4 0.0 1.3 0.7 0.3 0.5 0.2 
5 0.0 0.2 0.0 0.0 0.0 0.2 
6 0.2 0.0 0.0 0.8 0.3 0.3 
7 0.0 0.3 1.3 0.2 0.5 0.0 
8 0.0 0.0 0.0 0.0 0.2 0.2 
9 0.2 0.0 0.0 0.0 0.2 0.0 
10 0.3 0.2 0.0 0.2 0.0 0.0 
11 0.0 0.7 0.3 • 0.3 0.0 0.3 
12 0.0 0.0 1.3 0.0 0.8 0.0 
13 0.2 0.2 0,3 0.3 0.0 0.0 
14 0.3 0.0 0.0 0.0 0.2 0.0 
15 0.0 0.0 0.2 0.0 0.2 0.0 
16 0.1 0.1 0.2 0.4 0.5 0.1 
17 0.0 0.2 0.5 0.8 0.0 0.2 
18 1.9 0.0 0.2 0.0 0.0 0.3 
19 0.0 0.0 0.6 0.3 0.2 0.5 
20 0.0 0.8 0.0 0.0 0.5 0.0 
21 0.0 0.0 0.3 0.0 0.6 0.0 
22 0.3 0.3 0.0 0.3 0.9 0.5 
23 0.0 0.0 1.4 0.2 0.0 0.0 
24 0.3 0.2 0.0 0.2 0.0 0.0 
25 0.0 0.5 0.0 0.3 0.0 0.2 
26 0.2 0.0 0.2 0.2 0.0 0.6 
27 0.5 0.5 0.4 0.8 0.3 0.0 
28 0.0 0.0 0.0 0.0 0.3 0.0 
29 0.0 0.0 0.0 0.0 0.0 0.0 
30 0.0 0.6 1.3 0.0 0.0 0.7 
31 0.2 0.2 0.8 0.5 0.6 0.0 
Table A.28 (Continued) 
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Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1966 - -
1 0.1 0.1 0.4 0.6 1.3 0.7 
2 0.2 0.3 0.0 5.5 3.9 2.2 
3 0.3 0.5 2.3 9.7 4.6 1.9 
4 0.0 1.0 0.3 0.8 2.1 1.2 
5 0.2 0.2 0.0 6.0 3.0 0.3 
6 0.0 0.0 0.3 0.0 0.3 0.3 
7 0.5 0.3 0.3 0.0 0.6 0.8 
8 0.0 0.5 0.3 0.0 0.0 0.3 
9 0.2 0.3 0.5 0.0 1.4 0.3 
10 0.0 0.0 0.3 0.3 1.3 0.5 
11 1.0 1.0 0.6 0.0 0.2 0.3 
12 0.0 0.0 0.5 0.0 - 0.2 0.6 
13 0.2 0.2 0.0 0.0 1.0 0.3 
14 0.2 . 0.0 0.2 0.2 0.0 0.3 
15 0.0 0.0 0.2 0.0 0.2 0.0 
16 0.1 0.9 0.9 0.1 0.3 0.2 
17 0.0 0.0 1.1 0.2 0.2 _ 0.3 
18 0.0 0.0 0.6 0.0 0.0 0.8 
19 0.0 0.6 0.6 0.5 0.0 0.0 
20 0.2 0.0 1.4 0.0 - ,..,0.5 0.2 
21 0.0 0.0 0.6 0.0 a.  3 0.5 
22 0.6 0.5 0.5 0.0 0.6 1.0 
23 0.5 p.o 0.8 0.0 0.2 0.2 
24 0.0 0.5 0.9 0.2 0.2 0.3 
25 0.0 0.2 0.0 0.6 0.3 0.5 
26 0.2 1.0 0.6 1.3 1.3 0.8 
27 0.0 0.0 0.0 0.0 0.0 0.2 
28 0.0 0.6 0.5 0.3 0.5 0.2 
29 0.0 0.0 0.3 0.0 0.6 0.2 
30 0.2 0.6 1.1 0.2 0.5 0.2 
31 0.2 0.2 1.4 0.0 0.0 0.9 
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Table A,28 (Continued) 
Tint. Wf 9 A 25: 
no. X X 
B 14 B 14 
1967 
1 0.6 0.2 
2 0.5 - - 1.5 
3 0.6 0.0 
4 0.9 0.3 
5 0.1 0.9 
6 0.4 0.3 
7 0.2 0.0 
8 0.0 0.0 
9 0.0 0.0 
10 0.2 0.1 
11 0.1 0.3 
12 0.1 0.0 
13 0.1 0.0 
14 0.0 0.1 
15 0.3 0,0 
16 0.2 0.1 
17 0.8 0.3 
18 0.4 0.0 
19 0.1 0.0 
20 0.4 0.0 
21 0.5 0.4 
22 0.2 0.7 
23 0.4 0.0 
24 1.0 1.8 
25 0.5 0.1 
26 0.9 0.4 
27 1.3 0.0 
28 0.5 0.3 
29 0.1 1.1 
30 0.2 0.2 
31 0.0 0.2 
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Table A.29 Average number of barren stalks (1000/A) for 1965, 1966 and 
1967 at the Agronomy Farm, Ames, Iowa and the Clarion-Webster 
Farm, Kanawha, Iowa 
Tmt, 
no. 
Agronomy Farm Clarion-Webster Farm 
1965 1966 1967 1965 1966 1967 
1 0.9 0.7 3.1 0.1 0.5 0.4 
2 2.0 1.3 1.9 0.2 2.0 1.0 
3 3.8 3.6 3.4 0.1 3.2 0.3 
4 3.4 1.3 . 2.5 0.5 0.9 0.6 
5 3.2 1.7 2.5 0.1 1.6 0.5 
6 2,2 0.7 0.6 0.3 0.2 0.4 
7 1.3 0.4 0.6 0.4 0.4 0.1 
8 2.6 0.7 0.3 0.1 0.2 0.0 
9 3.5 1.2 0.9 0.1 0.4 0.0 
10 2.6 1.2 0.8 0.1 0.4 0.2 
11 2.8 1.3 1.3 0.3 0.5 0.2 
12 1.5 0.5 0.6 0.4 0.2 0.1 
13 2.0 1.3 1.8 0,2 0.3 0.1 
14 1.0 0.2 0.9 0.1 0,1 0.1 
15 1.3 0.4 0.6 0.1 0.0 0.2 
16 2.1 1.0 1.1 0.2 0.4 0.2 
17 1.4 0.4 1.9 0.3 0.0 0.6 
18 2.5 0.5 1.8 0.4 0.2 0.2 
19 1.7 0.8 1.6 0.3 0.3 0.1 
20 1.9 0.6 0.9 0.2 0,4 0.2 
21 1.3 0.8 0.3 0.2 0.2 0.5 
22 4.3 0.3 2.2 0.4 0.5 0.5 
23 1.3 0,5 0.8 0.3 0.3 0.2 
24 2.1 0.2 3.5 0.1 0.3 1,4 
25 1.9 1.0 1.0 0.2 0.3 0.3 
26 2.1 0,8 2.2 0.2 0.8 0.7 
27 0.6 0.3 2.0 0.4 0.0 0.7 
28 1.1 0.6 2.7 0.1 0.3 0.4 
29 1.3 0.2 1.4 0.0 0.2 0.6 
30 2.6 0.7 1,6 0.4 0.4 0.2 
31 1.2 0.6 1.1 0.4 0.4 0.1 
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Table A.30a Number of lodged stalks (1000/A) of all hybrids grown in 1965, 
1966 and 1967 at the Agronomy Farm, Ames, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1965 
1 0.1 0.2 0.1 0.2 0.2 0.3 
2 0.0 0.0 0.0 0.0 0.1 0.1 
3 0.0 0.0 0.0 0.0 0.0 0.1 
4 0.0 0.0 0.1 0.1 0.0 0.2 
5 0.0 0.0 0.1 0.0 0.0 0.1 
6 0.1 0.1 0.1 0.1 0.1 0.0 
7 0.1 0,0 0.2 0.1 0.2 0.1 
8 0.2 0.1 0.2 0.3 0.2 0.1 
9 0.3 0.1 0.3 0.2 0.5 0.1 
10 0.3 0.0 0.1 0.2 0.6 0.0 
11 0.2 0.3 0.4 0.2 0.3 0.1 
12 0.5 0.1 0.8 0,3 1.0 0.2 
13 0.3 0.1 0.2 0.3 0,5 0.1 
14 0.1 0.1 0.1 0.3 0.2 0.1 
15 0.7 0.5 0.5 0.7 1.1 0.5 
16 0.6 0.2 0.5 0.3 0.6 0.2 
17 0.4 0.1 0.3 0.2 0.8 0.1 
18 0.5 0.2 0.4 0.4 0.9 0.1 
19 0.6 0.1 0.3 0.3 0.7 0.2 
20 0.5 0.1 0.4 0.3 0.7 0.1 
21 0.7 0.3 0.6 0.6 1.0 0.4 
22 0.7 0.2 0.4 0.3 0.7 0.1 
23 0.4 0.2 0.3 0.4 0.8 0.2 
24 0.2 0.1 0.3 0.2 0.6 0.1 
25 0.9 0.2 0.6 0.5 0.7 0.3 
26 0.7 0.1 0.3 0.2 Q*u5. •W,. .Q.l 
27 0.3 0.4 0.2 0.4 0.6' 0.4 
28 0.2 0.1 0.2 0.2 0.3 0.1 
29 0.6 0.1 0.5 0.2 0.8 0.1 
30 0.6 0.2 0.6 0.5 1.0 0.5 
31 0.8 0.2 0.5 0.4 0.9 0.1 
Table A.30a (Continued) 
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Tmt, Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1966 
1 0.0 0.2 0.3 0,3 0,8 0,2 
2 0.3 0.2 0.8 0.3 2.2 0.5 
3 0.0 0.5 0.2 0.3 0.2 0.8 
4 0.3 0.0 0.0 0.3 0.9 0.3 
5 0.3 0.8 0.6 0.5 0.9 0.8 
6 1.4 0.2 1.1 2.8 6.2 0.9 
7 2.5 0.6 3.3 3.7 8.4 4,7 
8 2.2 0.6 1.1 3.7 5.8 2.4 
9 2.2 0,9 1.4 3,4 7.2 3.9 
10 4.5 1,4 2.5 5.5 8.2 3.3 
11 4,2 2,8 2.7 8,3 11.8 9,2 
12 1.0 0.5 1.3 5,7 7.5 2,7 
13 1.6 0,9 1,4 4,6 6.9 6.1 
14 1.8 0,8 2,2 3,9 4.6 4,2 
15 3.1 1.6 2,7 7,0 5.8 5,8 
16 4.0 0,8 5,4 6,9 11.2 9,5 
17 3.4 0,8 2.4 4,7 8.4 6.5 
18 4.1 1,7 2.7 8.8 11.7 7,2 
19 3,9 0,3 5.0 7.2 9.4 5,9 
20 2,7 0,5 1.7 6.1 11.9 6,1 
21 8,4 1.6 4.1 9.2 11.1 10,0 
22 4,5 1.6 8.0 8,0 16.5 10,4 
23 3.4 1.1 3.9 8,6 10.1 7,8 
24 2,2 1.4 5.6 6.3 11.7 5,6 
25 4,1 1,1 3.8 6.4 9.5 6.9 
26 4.6 1,6 5,5 8.3 12.5 8,1 
27 0.8 2,1 0.9 2,2 3.9 1.7 
28 1,1 1.0 3,1 1,4 6.2 1.3 
29 6.6 3,2 7.2 10,5 14.8 15,1 
30 3.5 2.6 6,7 9,8 13,4 6,1 
31 7.0 1,6 8.9 4,9 13.9 10.5 
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1  0 . 1  0 . 0  
2  0 .2  0 .0  
3 0.2 0.0 
4 0.0 0.0 
5 0.3 0.1 
6 0 .0  0 .0  
7 0.0 0.0 
8  0 . 0  0 . 1  
9 0.1 0.0 
10  0 .2  0 .6  
11 1.1 0.7 
12  0 .1  0 .0  
13 1.0 0.4 
14 0.2 0.4 
15 0.5 0.5 
16 1.5 1.3 
17 1.8 1.4 
18 1.7 3.3 
19 2.5 4.6 
20 1.7 5.0 
21 1.7 3.0 
22 2.6 7.4 
23 3.3 6.6 
24 1.2 4.4 
25 2.5 5.0 
26 5.0 9.4 
27 0.2 0.7 
28 0.3 0.5 
29 8.5 12.7 
30 3.8 8.8 
31 8.7 7.2 
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Table A.30b Number of lodged stalks (1000/A) of all hybrids grown in 1965, 
1966 and 1967 at the Clarion-Webster Farm, Kanawha, Iowa 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1965 
1 0.3 0.3 0.2 0.3 0.1 0.2 
2 0.7 0.2 0.0 0.2 0.2 0.2 
3 0.0 0.2 0.0 0.2 0.0 0.2 
4 0.2 0.0 0.0 0.3 0.0 0.0 
5 0.3 0.3 0.0 0.5 0.2 0.0 
6 1.7 2.1 0.0 0.6 1.3 0.5 
7 1.6 1.1 1.0 - 0.3 0.7 0.3 
8 1.6 0.2 0.2 0.5 0.3 0.3 
9 1.4 0.8 0.0 1.0 1.4 0.3 
10 2.1 0.3 0.2 1.0 1.8 0.0 
11 1.0 0.8 0.2 0.2 0.2 0.3 
12 3.2 0.5 0.0 1.8 0.5 0.2 
13 2.4 0.2 0.0 1.9 0.2 0.3 
14 5.8 1.3 0.2 2.1 0.8 0.8 
15 1.0 0.6 1.1 1.5 0.3 1,9 
16 0.3 0.7 0.3 0.8 0.2 0.7 
17 1.4 2.4 0.2 1.1 2.4 0.2 
18 5.1 0.7 1.0 2.4 4.1 1.8 
19 0.3 0.6 0.3 1.0 0.0 0.6 
20 11.2 1.6 2.1 2.2 1.1 0.3 
21 1.6 0.0 1.1 1.0 0.3 0.0 
22 1.1 1.0 0.2 3.5 0.5 0.2 
23 1.8 0.5 0.5 1.0 0.0 1.3 
24 1.3 1.7 0.3 0.5 0.0 0.6 
25 5.2 1.1 0.5 3.5 4.2 2.5 
26 1.8 0.5 0.8 3.1 0.8 0.2 
27 0.8 1.3 0.2 1.9 0.3 1.1. 
28 5.7 1.3 1.4 0.2 3.3 1.9 
29 1.4 0.5 1.1 1.5 0.6 1.6 
30 7.5 2.3 1.4 4.4 2.5 1.9 
31 5.7 1.3 4.0 4.7 0.5 2.0 
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Table A,30b (Continued) 
Tmt. Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
no. X X X X X X 
Oh 43 B 14 A 257 B 14 A 257 B 14 
1966 
1 2.0 0.9 1.9 2.8 5.3 3.9 
2 0.2 0.2 0.5 0.2 0.8 0.5 
3 0.0 0.3 1.3 0.0 1.4 3.7 
4 0,2 0.0 0.6 0.5 0.3 0.8 
5 0.2 0.0 0.8 0.2 0.3 0.5 
6 2.5 0.8 1.9 1.9 3.9 2.2 
7 0.9 0.2 1.1 2.5 1.4 0.8 
8 2.0 0.3 0.5 1.4 2.8 0.0 
9 1,1 0.8 0.6 0.8 3.6 0,6 
10 3,1 0,5 1.4 3,3 4.4 1.3 
11 6,9 2.4 3,6 6.3 6.9 2.8 
12 2.3 0.8 2.2 3.0 3.9 1.1 
13 1.6 0.0 3,8 3.9 5,0 3.3 
14 1.3 0.6 1,6 2.5 5.2 1.1 
15 1.4 1.1 1.1 2.5 3.1 2.6 
16 4.2 2.7 2.4 4.4 7.9 4.2 
17 2.4 3.1 3.1 5.0 8.6 2.8 
18 1.7 0.5 2.2 1.7 5.3 1.1 
19 4.8 3.1 3,3 8.1 9.9 5.0 
20 3,8 1.6 1,9 3.4 7.4 2.2 
21 4.4 3.4 6,1 7.0 9.1 3.6 
22 4.1 1.9 3.3 5.6 10.5 7.4 
23 1.3 0,2 1.0 1.3 2,0 0.8 
24 4.2 1,3 6,2 5.8 9.2 2.8 
25 1.6 1.3 1,9 5.2 7.0 2.1 
26 6.6 2.0 4.9 4.8 9.2 5.2 
27 1.1 0.2 0.3 2.8 0.8 0.8 
28 0.6 0.9 1.6 1.0 2.6 0.9 
29 2.7 0.2 1.1 1.7 2.7 1,7 
30 3.9 1,9 2.8 4,1 8.6 5.0 
31 3.1 1.9 5.3 7.2 10.8 4.4 
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1 0.0 0,0 
2 0.0 0.0 
3 0.0 0,0 
4 0.0 0.0 
5 0.0 0,0 
6 0.0 0,0 
7 0.0 0.0 
8 0.0 0,0 
9 0.0 0,0 
10 0.0 0,0 
11 0.0 0.0 
12 0.0 0,0 
13 0.0 0.0 
14 0.3 0,0 
15 0,0 0,0 
16 0.0 0,0 
17 0.0 0,0 
18 0.9 0,0 
19 0.0 0,0 
20 0.0 0.0 
21 0.0 0.0 
22 0.0 0.0 
23 0.0 0,0 
24 0.0 0.0 
25 0,0 0.0 
26 0.0 0,0 
27 0,0 0,0 
28 0.7 0.0 
29 0.0 0,0 
30 0.0 0,0 
31 0.0 0,0 
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Table A,31 Average number of lodged stalks (1000/A) in 1965, 1966 and 1967 




Agronomy Farm Clarion-Webster Farm 
1965 1966 1967 1965 1966 1967 
1 0.2 0.3 0.1 0.2 2.8 0.0 
2 0.0 0.7 0.1 0.2 0.4 0.0 
3 0.0 0.3 0.1 0.1 1.1 0.0 
4 0.1 0.3 0.0 0.1 0.4 0.0 
5 0.0 0.6 0.2 0.2 0.3 0.0 
6 0.1 2.1 0.0 1.0 2.2 0.0 
7 0.1 3.8 0.0 0.8 1.1 0.0 
8 0.2 2.6 0.1 0.5 1.2 0.0 
9 0.2 3.2 0.1 0.8 1.2 0.0 
10 0.2 4.2 0.4 0.8 2.3 0.0 
11 0.3 6.5 0.9 0.4 4.8 0.0 
12 0.5 3.1 0.1 1.0 2.2 0.0 
13 0.2 3.6 0.7 0.8 2.9 0.0 
14 0.1 2.7 0.3 1.8 2.0 0.2 
15 0.6 4.3 0.5 1.1 2.0 0.0 
16 0.4 6.3 1.4 0.5 4.3 0.0 
17 0.3 4.3 1.6 1.3 4.2 0.0 
18 0.4 6.0 2.5 2.5 2.1 - 0.5 
19 0.4 5.3 3.5 0.5 5.7 0.0 
20 0.4 4.8 3.4 3.1 3.3 0.0 
21 0.6 7.4 2.4 0.7 5.6 0.0 
22 0.4 8.1 5.0 1.0 5.4 0.0 
23 0.4 5.8 5.0 0.8 1.1 0.0 
24 0.2 5.5 2.8 0.7 4.9 0.0 
25 0.5 5.3 3.8 3,1 3.1 0.0 
26 0.3 6.7 7.2 1.2 5.4 0.0 
27 0.4 1.9 0.5 0.9 1.0 0.0 
28 0.2 2.3 0.4 2.2 1.3 0.4 
29 0.4 9.5 10.6 1.1 1.7 0.0 
30 0.6 7.0 6.3 3.3 4.4 0.0 
31 0.5 7.8 7.9 3.0 5.4 0.0 
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Table A.32 Relative leaf interveinai necrosis^ at the Agronomy Farm, Ames, 
Iowa in 1967 
Tmt. Wf 9 A 257 
no. X X 
B 14 B 14 
1 0.0 0.2 
2 0.0 0.0 
3 0.0 0.0 
4 0.2 0.0 
5 0.0 0.0 
6 0.2 0.5 
7 0.0 0.2 
8 0.5 1.2 
9 0.7 1.5 
10 0.7 1.5 
11 1.0 2.0 
12 0.2 0.7 
13 1.0 1.2 
14 0.5 1.5 
15 1.0 1.3 
16 0.9 1.2 
17 1.2 1.8 
18 1.7 2.5 
19 1.2 2.0 
20 1.0 2.0 
21 1.3 2.3 
22 1.7 2.7 
23 1.5 2.5 
24 1.5 2.5 
25 1.0 1.8 
26 2.5 3.0 
27 0.7 1.7 
28 1.0 2.5 
29 2.3 3.0 
30 1.2 2.5 
31 1.7 2.3 
0^ = no necrosis ; 1 = mild interveinal necrosis; 2 = moderate inter-
veinal necrosis; 3 = dead tissue 
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Table A,33 Number of root lodged stalks (1000/A) at the Clarion-Webster 









1 9.8 12.3 
2 5.9 11.6 
3 11.0 11.2 
4 8.8 12.0 
5 5.2 8.9 
6 3.8 0.6 
7 3.9 3.2 
8 0.7 0.8 
9 4.0 1.0 
10 3.2 0.3 
11 0.2 0.4 
12 2.8 0.2 
13 0.0 0.0 
14 4.8 5.1 
15 2.2 3.7 
16 0.0 0.0 
17 0.0 0.0 
18 0.2 0.0 
19 0.0 0.3 
20 1.3 0.0 
21 0,0 0.0 
22 0.2 0.0 
23 1.0 0.5 
24 0.0 0.0 
25 0.0 0.0 
26 0.0 0.0 
27 6.4 2.4 
28 1.7 0.2 
29 0.3 0.0 
30 0.1 0.0 
31 0.1 0.0 
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Table A.34 Percent N in the grain of all hybrids grown in 1966 
Wf 9 Wf 9 Wf 9 Oh 43 Oh 43 A 257 
Tmt. X X X X X X 
no. Oh 43 B 14 A 257 B 14 A 257 B 14 
Agronomy Farm 
1 1.27 1.47 1.30 1.32 1.30 1.31 1.33 
3 1.01 1.08 1.07 1.06 1.13 1.06 1.07 
14 1.52 1.70 1.55 1.64 1.58 1.69 1.61 
15 1.54 1.80 1.54 1.71 1.57 1.60 1.63 
16 1.42 1.77 1.50 1.71 1.59 1.59 1.60 
17 1.57 1.85 1.53 1.72 1.58 1.67 1.65 
18 1.58 1.80 1.54 1.72 1.58 1.68 1.65 
29 1.60 1.81 1.55 1.79 1.73 1.75 1.71 
Ave. 1.44 1.66 1.45 1.58 1.51 1.54 
Clarion-Webster Farm. 
1 1.11 1.18 1.05 1.18 1.06 1.09 1.11 
3 0.96 1.11 0.95 1.10 0.99 0.99 1.02 
14 1.47 1.72 1.42 1.57 1.47 1.63 1.55 
15 1.38 1.63 1.49 1.64 1.35 1.61 1.52 
16 1.52 1.67 1.49 1.66 1.51 1.64 1.58 
17 1.46 1.66 1.44 1.62 1.47 1.64 1.55 
18 1.46 1.61 1.43 1.64 1.55 1.57 1.54 
29 1.39 1.69 1.38 1.61 1.48 1.55 1.52 
Ave. 1.34 1.53 1.33 1.50 1.36 1.47 
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B 14 Ave. 
Agronomy Farm 
1 .219 .246 .216 .240 .210 .229 .227 
3 .257 .247 .295 .313 .284 .299 .291 
14 .215 .209 .189 .183 .172 .212 .197 
15 .281 .313 .272 .307 .279 , .294 .291 
16 .250 .285 .235 . .69 .293 .291 .274 
17 .282 .284 .244 .290 .267 .261 .271 
18 .311 .358 .316 .324 .332 .348 .331 
29 .290 .324 .286 .316 .289 .310 .303 
Ave. .263 ,290 .257 .283 . 266  .281 
Clarion-Webster Farm 
1 .232 .277 .254 .273 .225 .266 .254 
3 .268 .319 .283 .328 .275 .325 .300 
14 .223 .260 .239 .222 .207 .222 .229 
15 .263 .295 .289 .311 .273 .313 .291 
16 .311 .328 .306 .353 .316 .342 .326 
17 .304 .348 .293 .350 .303 .317 .319 
18 .332 .373 .320 .373 .34?" .345 .348 
29 .281 .329 .283 .344 .266 .304 .301 
Ave. .277 .316 .284 .319 .276 .304 
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Table A.36 Percent K in the grain of all hybrids grown in 1966 
Wf 9 Wf 9 - Wf 9 Oh 43 Oh 43 A 257 
Tmt. X X X X X X 
no. Oh 43 B 14 A 257 B 14 A 257 B 14 Ave. 
Agronomy Farm 
1 .375 .398 .334 .338 .327 .342 .352 
3 .357 .402 .417 .405 .387 .392 .393 
14 .364 .372 .326 .322 .315 .330 . .338 
15 .383 .413 .364 .383 .375 .390 .385 
16 .383 .409 .315 .353 .364 .368 .365 
17 .383 .398 .368 .360 .372 .349 .372 
18 .420 .454 .417 .394 .432 .435 .425 
29 .409 .447 .394 .405 .390 .405 .409 
Ave. .384 .412 .367 .370 .370 .376 
Clarion--Webster Farm 
1 .402 .432 .409 .394 .372 .413 .404 
3 .405 .476 .439 .413 .405 .447 .431 
14 .372 .413 .389 .368 .364 .368 .379 
15 .387 .420 .394 .379 .400 .420 .400 
16 .432 .435 ,413 .409 .420 .439 .425 
17 .409 .473 .420 .435 .404 .413 .426 
18 .465 .525 .465 .462 .462 .465 .474 
29 .402 .439 .402 .409 .379 .398 .405 
Ave. .409 .452 .416 .408 .401 .420 
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1 1.28 .36 .43 1.47 .35 .35 
3 0.99 .42 .48 1.01 .43 .47 
14 1.64 .32 .40 1.81 .32 .40 
15 1.68 .42 .38 1.71 .31 .26 
16 1.88 .46 .45 1.58 .38 .33 
17 1.95 .44 .41 1.67 .60 .58 
18 1,76 .53 .45 1.79 .59 .50 
29 1.95 .37 .38 1.87 .50 .44 
Clarion-Webster Farm 
1 1.44 .41 .49 1.36 .36 .43 
3 1.24 .35 .45 1.20 .38 .43 
14 1.76 .32 .38 1.88 .25 .31 
15 1.74 .34 .30 1.91 .38 .35 
16 1.91 .40 .39 1.81 .38 .33 
17 1.88 .40 .39 1.85 .33 .30 
18 1.92 .38 .38 1.95 .46 .40 




Table B.l Soil pH values of the 0-6 inch depth at the Agronomy Farm, Ames, 
Iowa 
Tmt. Original 1965 1966 1967 
no. Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 6.60 6.90 6.52 6.87 6.77 6.95 6.72 6.95 
2 6.35 7.05 6.32 6.92 6.15 6.77 6.40 7.05 
3 6.40 6.52 6.30 6.47 6.30 6.42 6.27 6.50 
4 6.40 6.50 6.30 6.15 6.37 6.15 6.30 6.20 
5 6.30 6.62 6.15 6.62 6.05 6.30 6.15 6.40 
6 6.35 6.17 6.17 6.15 6.10 5.99 5.95 6.20 
7 7.85 6.45 7.80 6.35 7.75 6.00 7.90 6.15 
8 6.35 6.80 6.13 6.47 5.85 6.10 5.90 6,25 
9 6.60 6.75 6.27 6.35 6,17 6.20 6.20 6.30 
10 6.25 6.77 5.80 6,12 5.55 5.90 5.50 6.10 
11 6.45 6.55 6.00 5.95 5,60 5.85 5.75 5.80 
12 7.72 6.82 7.60 6.27 7.25 5.75 7.30 5.95 
13 6.10 6.67 5.97 6.47 5.42 6.02 5.50 5.95 
14 6.45 6.60 5.83 6.00 5.00 5.75 5.40 5.85 
15 7.05 6.52 6.47 5.62 5.75 5.20 6.10 5.40 
16 7.00 6.75 7.00 6.16 6.00 5.68 6.40 5.77 
17 6.60 6.45 6.72 6.17 5.90 5.35 5.92 5.80 
18 6.55 6.60 5.97 6.12 5.07 5.55 5.45 5,55 
19 6.42 6.40 5.52 5.50 4.80 4.90 5.05 5.20 
20 6.45 6.62 5.75 5.52 4.87 5.05 4.95 5.40 
21 7.27 7.37 6.62 6.32 5.70 5.85 6.00 6.15 
22 6.32 6.90 5.53 6.12 4.65 5.20 5.20 5.50 
23 6.52 6.55 5.47 5.40 4.80 4.90 4.87 5.15 
24 6.40 6.72 5.65 5.92 5.10 5.05 5,20 5.30 
25 6.55 6.97 6.05 6.02 5.00 5.00 5.10 5.60 
26 6.80 6.52 6.13 5.82 5.42 4.75 5.50 5.10 
27 6.42 6.87 5.27 5.77 4.90 4.95 4.80 5.05 
28 6.95 6.50 5.40 5.40 4.98 4.80 5.40 5.00 
29 6.67 7.05 6.00 6.27 5.50 5.00 5.85 5,40 
30 7.65 6.50 6.77 5.27 5.70 4.80 5.85 4.75 
31 6.90 7.77 6.10 6.82 5.30 6.40 5.50 6.15 
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Table B.2 Soil P levels (pounds/A) of the 0-6 inch depth at the Agronomy 
Farm, Ames, Iowa 
Tmt. 
no. 
Original 1965 1966 1967 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 13.6 10,6 29.3 22.3 14.0 12.0 21.0 22.5 
2 17.0 8.7 30.0 26.5 17.0 14.0 20.0 21.0 
3 12.7 8.5 105.0 105.0 150.0 140.0 187.0 135.0 
4 19.0 15.7 175.0 170.0 320.0 260.0 380.0 355.0 
5 12.5 14.7 150.0 205.0 252.0 355.0 310.0 482.0 
6 13.7 10.5 43.5 55.5 61.0 70.0 65.0 86.0 
7 15.2 9.7 59.0 46.5 72.0 89.0 93.0 70.0 
8 14.0 21.0 137.5 210.0 290.0 335.0 380.0 315.0 
9 11.0 17.0 190.0 172.5 265.0 247.0 370.Q 285.0 
10 14.7 8.5 64.5 71.5 122.0 112.0 195.0 137.0 
11 16.2 17.5 78.0 91.5 175.0 183.0 160.0 220.0 
12 14.0 7.0 117.5 117.5 192.0 175.0 210.0 230.0 
13 12.5 13.5 152.5 152.5 180.0 247.0 265.0 275.0 
14 14.0 22.5 62.5 32.0 17.0 32.0 33.0 41.0 
15 19.2 12.7 122.5 97.5 178.0 143.0 185.0 230.0 
16 17.4 14.6 120.5 100.7 197.0 144.0 190.0 198.5 
17 25.0 10.5 86.5 84.0 187.0 152.0 270.0 260.0 
18 11.0 14.0 205.0 230.0 275.0 300.0 400.0 335.0 
19 11.0 14.2 92.0 82.0 170.0 142.0 157.0 182.0 
20 12.0 12.0 65.5 102.0 107.0 132.0 175.0 135.0 
21 15.0 19.2 112.5 177.5 164.0 192.0 225.0 255.0 
22 16.5 11.5 90.0 115.0 138.0 257.0 235.0 285.0 
23 11.5 14.0 43.0 54.0 52.0 70.0 73.0 94.5 
24 15.7 11.7 59.5 57.5 64.0 67.0 89.0 71.0 
25 18.5 8.5 182.5 185.0 250.0 242.0 275.0 250.0 
26 20.7 12.4 167.5 145.0 280.0 215.0 305.0 230.0 
27 17.5 14.5 35.0 52.0 23.0 26.0 33.0 37.0 
28 37.0 19.2 33.5 44.0 25.0 33.0 24.0 27.5 
29 10.7 21.5 132.5 115.0 165.0 181.0 195.0 202.0 
30 14.2 14.5 205.0 155.0 307.0 255.0 350.0 310.0 
31 15.5 24.5 232.5 190.0 253.0 235.0 285.0 315,0 
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Table B.3 Soil K levels (pounds/A) of the 0-6 inch depth at the Agronomy 
Farm, Ames, Iowa 
Tmt. Original 1965 1966 1967 
no. Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
1 115.7 121.7 
2 151.5 103,5 
3 109.0 100.0 
. 4 118.0 78.5 
5 111.0 98.5 
6 99.0 87.0 
7 100.5 132.0 
8 132.0 90.5 
9 95.0 84.5 
10 153,0 88.5 
11 143.0 93.5 
12 87.5 78.5 
13 100.0 85.5 
14 139.5 149.5 
15 105.5 99.0 
16 118.0 100.5 
17 130.0 79.5 
18 98.5 107.0 
19 99.0 95.0 
20 94.0 103.0 
21 117.0 149.0 
22 132.0 90.0 
23 92.0 141.0 
24 119.0 119.5 
25 125.5 82.0 
26 177.0 88.0 
27 146.0 112.0 
28 196.5 92.0 
29 125.0 104.5 
30 93.5 136.5 
31 110.0 93.0 
121.0 126.0 82.0 
356.0 366.0 416.0 
237.5 265.0 230.0 
190.0 166.0 87.0 
336.0 348.0 610.0 
125.5 110.5 121.0 
398.0 316.0 514.0 
170.0 108.5 174.0 
388.5 356.0 516.0 
158.0 172.0 292.0 
277.0 340.0 622.0 
124.0 161.0 171.0 
273.0 250.0 286.0 
220.0 332.0 304.0 
127.0 127.0 70.0 
259.5 223.0 384.5 
362.0 328.0 664.0 
177.0 242.3 418.0 
157.0 207.0 352.0 
211.0 339.0 648.0 
160.5 170.5 162.0 
282.0 305.0 368.0 
110.5 202.0 146.0 
269.0 304.0 482.0 
144.0 106.5 211.0 
367.0 337.0 504.0 
128.0 133.0 117.0 
464.0 480.0 604.0 
207.0 250.0 290.0 
67.0 141.0 77.0 
478.0 384.0 566.0 
105.0 82.0 106.5 
586.0 1000.0 676.0 
402.0 442.0 458.0 
90.0 100.0 84.0 
746.0 776.0 953.0 
139.0 165.0 261.0 
786.0 698.0 864.0 
119.0 179. 0 159.0 
554.0 574. ,0 652.0 
231.0 336. 0 371.0 
481.0 648. 0 830.0 
213.0 287. 0 311.0 
345.0 378. 0 540.0 
495.0 474. 0 708.0 
78.0 82. 0 98.0 
348.0 439. 0 423.0 
586.0 866. 0 938.0 
337.0 436. 0 510.0 
297.0 306. 0 321.0 
526.0 608. 0 520.0 
170.0 292. 0 229.0 
395.0 652. 0 486.0 
181.0 174. 0 231.0 
504.0 806. 0 534.0 
117.0 242. 0 160.0 
534.0 676. 0 616.0 
69.0 97. 0 80.0 
713.0 736. 0 820.0 
350.0 388. 0 475.0 
110.0 68. 0 129.0 
630.0 730. 0 784.0 
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Table B,4 Soil pH values of the 9-15 inch depth at the Agronomy Farm, 
Ames, Iowa 
Tmt. Original 1967 
no. Rep 1 Rep 2 Rep 1 Rep 2 
1 6.53 7.00 7.00 - 7.20 
2 6.37 7.07 6.30 7.25 
3 6.55 6.65 6.70 6.75 
4 6.50 6.50 6.40 6.50 
5 6.45 6.85 6.45 6.90 
6 6.35 6.40 6.65 6.65 
7 8.10 6.60 8.10 6.75 
8 6.42 6.65 6.45 6.90 
9 6.70 6.90 6.80 6.80 
10 6.25 6.90 5.90 7.05 
11 6.40 6.50 5.95 6.15 
12 7.77 6.87 7.80 7.00 
13 6.30 6.75 5.95 6.65 
14 6.35 6.65 5.60 6.50 
15 7.07 6.70 6.65 6.40 
16 7.10 6.80 6.70 6.40 
17 6.60 6.72 6.30 6.50 
18 6.70 6.67 6.30 6.10 
19 6.62 6.35 5.75 5.70 
20 6.70 6.67 5.55 6.15 
21 7.40 7.45 6.65 7.10 
22 6,40 6.97 5.50 6.20 
23 6.70 6.70 6.00 6.35 
24 6.42 6.82 5.75 6.30 
25 6.57 7.20 5.85 6.65 
26 6.90 6.37 6.00 5.80 
27 6.40 6.90 5.50 6.15 
28 6.80 6.55 5.95 5.45 
29 6.92 6.65 5.90 5.90 
30 7.55 7.05 6.65 7.25 


































Soil P levels (lbs/A) of the 9-15 inch depth at the Agronomy 
Farm, Ames, Iowa 
Original 1967 
lep 1 Rep 2 Rep 1 Rep 2 
7.1 7.8 7.7 6.5 
13.2 6.7 9.5 8.5 
8.0 9.5 22.0 13.0 
7.5 13.5 34.5 38.5 
7.7 10.0 41.5 44.5 
10.2 9.7 10.0 15.0 
8.2 8.5 8.0 7.0 
8.0 12,0 24.5 46.5 
6,0 22.5 59.0 48.5 
10.5 7.7 27.5 18.0 
10.7 13.0 18.5 25.0 
9.2 8.2 23.5 27.0 
7.0 8.7 25.0 30.0 
10.2 7.0 13.0 8.0 
9.2 7.7 64.0 44.0 
8.6 9.7 21.5 22.3 
15.7 9.7 49.0 48.5 
8.0 10.0 40.0 42.0 
7.3 10.7 - 13.0 14.5 
8.7 6.7 18.0 14.5 
9.5 7.7 70.5 30.0 
10.2 11.0 53.5 37.0 
14.0 11.7 13.0 9.0 
9.7 8.0 14.0 6.0 
8.0 5.2 80.0 56.0 
10.0 8.0 78.0 77.0 
9.0 8,0 11.0 8.5 
7.5 11.2 9.0 9.5 
18.0 12.0 72.0 29.0 
10.5 10,7 89.5 36.0 

































Soil K levels (lbs/A) of the 9-15 inch depth at the Agronomy 
Farm, Ames, Iowa 
Original 1967 
Rep 1 Rep 2 Rep 1 Rep 2 
49.5 64.5 57.0 46.0 
60.0 66.0 218.0 94.0 
57.0 72.0 82.0 83.0 
71.5 73.5 69.5 44.0 
52.5 48.0 177.0 124.0 
54.5 63.0 101.5 47.0 
40.5 68.5 92.0 93.0 
47.5 96.5 60.0 49.5 
55.5 79.5 170.0 100.0 
60.0 79.0 108.0 78.0 
77.0 63.0 162.0 76.0 
53.0 69.0 70.0 83.0 
44.0 57.0 272.0 123.5 
58.5 48.0 155.0 117.5 
56.5 60.0 53.5 49.0 
52.5 58.0 136.1 112.5 
65.0 56.0 230.0 169.0 
50.0 61.0 93.0 84.0 
54.5 52.0 73.0 126.0 
62.0 65.0 165.0 152.5 
64.5 48/5 97.5 64.0 
60.0 60.5 194.5 142.5 
57.3 54.0 72.0 82.0 
76.0 64.5 184.0 218.0 
62.0 40.0 89.0 64.0 
73.5 49.5 194.0 180.5 
72.0 47.0 86.5 51.5 
80.0 53.0 318.0 277.0 
85.0 53.0 209.0 116.0 
42.0 63.0 61.0 40.0 

































Soil pH values of the 0-6 inch depth at the Clarion-Webster Farm, 
Kanawha, Iowa 
Original 1965 1966 
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Soil P levels (pounds/A) of the 0-6 inch depth at the Clarion-
Webster Farm, Kanawha, Iowa 
Original 1965 1966 






























































































































Soil K levels (pounds/A) of the 0-6 inch depth at the Clarion-
Webster Farm, Kanawha, Iowa 
Original 1965 1966 
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81. 3 102. 0 
896. 0 559. 0 
328. 0 359. 0 
83. 0 84. 0 
710. 0 587. 0 
202. 0 137. 0 
788. 0 470. 0 
155. 0 117. 0 
630. 0 518. 0 
205. 0 231. 0 
419. 0 460. 0 
237. 5 198. 0 
562. 0 513. 0 
386. 5 335. 0 
82. 5 70. 0 
453. 0 281. 0 
711. 0 864. 0 
330. 0 281. 0 
337. 0 306. 0 
692. 0 498. 5 
201. 5 258. 0 
673. 0 506. 0 
165. 0 162. 0 
803. 5 783. 0 
182. 0 224.0 
589. 0 786. 0 
108. 0 93. 0 
985. 0 626. 0 
278. 0 328. 0 
82. 0 130. 0 
931. 0 942. 0 
